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LCEs AS MODIFIERS OF THE p53 PATHWAY AND METHODS OF USE 

REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. provisional patent applications 60/296,076 
5 filed 6/5/2001, 60/328,605 filed 10/10/2001, 60/357,253 filed 2/15/2002, and 60/361,196 
filed 3/1/2002. The contents of the prior applications are hereby incoiporated in their 
entirety. 

BACKGROUND OF THE INVENTION 

10 The p53 gene is mutated in over 50 different types of human cancers, including 

familial and spontaneous cancers, and is believed to be the most commonly mutated gene 
in human cancer (Zambetti and Levine, FASEB (1993) 7:855-865; Hollstein, et al, 
Nucleic Acids Res. (1994) 22:3551-3555). Greater than 90% of mutations in the p53 gene 
are missense mutations that alter a single amino acid that inactivates p53 function. 

15 Aberrant forms of human p53 are associated with poor prognosis, more aggressive tumors, 
metastasis, and short survival rates (Mitsudomi et al., Clin Cancer Res 2000 Oct; 
6(10):4O55-63; Koshland, Science (1993) 262:1953). 

The human p53 protein normally functions as a central integrator of signals including 
DNA damage, hypoxia, nucleotide deprivation, and oncogene activation (Prives, Cell 

20 (1998) 95:5-8). In response to these signals, p53 protein levels are greatiy increased with 
the result that the accumulated p53 activates cell cycle arrest or apoptosis depending on 
the nature and strength of these signals. Indeed, multiple lines of experimental evidence 
have pointed to a key role for p53 as a tumor suppressor (Levine, Cell (1997) 88:323-331). 
For example, homozygous p53 "knockout" mice are developmentally normal but exhibit 

25 nearly 100% incidence of neoplasia in the first year of life (Donehower et al, Nature 
(1992) 356:215-221). 

The biochemical mechanisms and pathways through which p53 functions in normal 
and cancerous cells are not fully understood, but one clearly important aspect of p53 
function is its activity as a gene-specific transcriptional activator. Among the genes with 

30 known p53-response elements are several with well-characterized roles in either regulation 
of the cell cycle or apoptosis, including GADD45, p21/Waf 1/Cipl, cyclin G, Bax, IGF- 
BP3, andMDM2 (Levine, Cell (1997) 88:323-331). 

Several essential organs (e.g., lungs, kidney, lymphatic system and vasculature) are 
made up of complex networks of tube-like structures that serve to transport and exchange 
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fluids, gases, nutrients and waste. The formation of these complex branched networks 
occurs by the evolutionary conserved process of branching morphogenesis, in which 
successive ramification occurs by sprouting, pruning and remodeling of the network. 
During human embryogenesis, blood vessels develop via two processes: vasculogenesis, 
5 whereby endothelial cells are born from progenitor cell types; and angiogenesis, in which 
new capillaries sprout from existing vessels. 

Branching morphogenesis encompasses many cellular processes, including 
proliferation, survival/apoptosis, migration, invasion, adhesion, aggregation and matrix 
remodeling. Numerous cell types contribute to branching morphogenesis, including 

10 endothelial, epithelial and smooth muscle cells, and monocytes. Gene pathways that 
modulate the branching process function both within the branching tissues as well as in 
other cells, e.g., certain monocytes can promote an angiogenic response even though they 
may not directly participate in the formation of the branch structures. 

An increased level of angiogenesis is central to several human disease pathologies, 

15 including rheumatoid arthritis and diabetic retinopathy, and, significantly, to the growth, 
maintenance and metastasis of solid tumors (for detailed reviews see Liotta LA et al, 1991, 
Cell 64:327-336; Folkman J., 1995 Nature Medicine 1:27-31; HanahanD and Folkman 
J, 1996 Cell 86:353-364). Impaired angiogenesis figures prominently in other human 
diseases, including heart disease, stroke, infertility, ulcers and scleroderma. 

20 The transition from dormant to active blood vessel formation involves modulating the 
balance between angiogenic stimulators and inhibitors. Under certain pathological 
circumstances an imbalance arises between local inhibitory controls and angiogenic 
inducers resulting in excessive angiogenesis, while under other pathological conditions an 
imbalance leads to insufficient angiogenesis. This delicate equilibrium of pro- and anti- 

25 angiogenic factors is regulated by a complex interaction between the extracellular matrix, 
endothelial cells, smooth muscle cells, and various other cell types, as well as 
environmental factors such as oxygen demand within tissues. 

Most known angiogenesis genes, their biochemical activities, and their organization 
into signaling pathways are employed in a similar fashion during angiogenesis in human, 

30 mouse and Zebrafish, as well as during branching morphogenesis of the Drosophila 
trachea. Accordingly, Drosophila tracheal development and zebrafish vascular 
development provide useful models for studying mammalian angiogenesis (Metzger RJ, 
Krasnow MA. Science. 1999. 284:1635-9; Roman BL, and Weinstein BM. Bioessays 
2000, 22:882-93). 
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In mammals, most of the fatty acids that are synthesized de novo possess chain lengths 
of 16-18 carbons. These long chain fatty acids constitute more than 90% of all fatty acids 
present in cells. They are important components of membranes, and they represent the 
largest energy storage reservoir in animals. The highest rate of de novo fatty acid 
5 synthesis occurs in liver, which converts excess glucose into fatty acids for storage and 
transport. Glycolysis converts glucose to pyruvate, which is converted to citrate in the 
mitochondria and transported to the cytosol. Cytosolic ATP citrate lyase generates acetyl- 
CoA, the precursor of fatty acids and cholesterol. Acetyl-CoA is carboxylated by acetyl- 
CoA carboxylase (ACC) to form malonyl-CoA. The multifunction enzyme fatty acid 
10 synthase (FAS) uses malonyl-CoA, acetyl-CoA, and NADPH to elongate fatty acids in 2- 
carbon increments. The principal end product of FAS in rodents is palmitic acid, which 
contains 16 carbons and is designated 16:0. A high proportion of this palmitic acid is then 
converted to stearate. 

At a molecular level, fatty acid elongases have been characterized most extensively by 

15 genetic studies in yeast Yeast ELOl elongates C14 to C16 fatty acids and is designated a 
long chain fatty acid elongase (Joke DA et al, 1996, J Biol Chem 271:18413-18422). The 
EL02 and EL03 genes encode very long chain elongases that produce fatty acids of 24 to 
26 carbons (Oh CS et al, 1997, J Biol Chem 272:17376-17384). The mouse gene, Cig30, 
encodes the mouse version of EL02, and Sscl encodes the ortholog of EL03, both of 

20 which are very long chain elongases (Tvrdik P et al., 2000, J Cell Biol 149:707-718). 

CIG30 and other Fatty acid elongases have been implicated in sphingolipid biosynthesis. 
In certain cells, sphingosine kinase is exported to extracellular space, where it 
phosphorylates sphingosine to make phospho-sphingosine (SIP) (BQa et al., Science 2001, 
294:1875-8). SIP is a potent second messenger that binds to the EDG1 GPCR to mediate 

25 1 migration, survival, morphogenesis and proliferation. SIP and EDG1 have been shown to 
be involved in endothelial cell migration and vascular maturation in vivo (Ancellin et al., J 
Biol Chem 2002, 277:6667-75). 

A murine long chain fatty acyl elongase (LCE) that shares sequence identity with 
previously identified very long chain fatty acid elongases has been identified. LCE 

30 mRNA is highly expressed in liver and adipose tissue and is thought to catalyze the rate 
limiting condensing step in addition of 2-carbon units to C12-C16 fatty acids (Moon YA 
et al., 2001, J Biol Chem 276:45358-66). One of the human LCE genes, ELOVL4, has 
been identified as a disease gene -Autosomal Dominant Stargardt-lilce Macular Dystrophy 
(STGD3) - associated with inherited forms of macular degeneration characterized by 
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decreased visual acuity, macular atrophy and extensive fundus flecks (Zhang et al., Nat 
Genet 2001, 27:89-93). All afflicted members in five related families carry a 5 bp deletion 
(the so-called 797-801 del AACTT) of the gene. 

The ability to manipulate the genomes of model organisms such as Drosophila 
5 provides a powerful means to analyze biochemical processes that, due to significant 
evolutionary conservation, have direct relevance to more complex vertebrate organisms. 
Due to a high level of gene and pathway conservation, the strong similarity of cellular 
processes, and the functional conservation of genes between these model organisms and 
mammals, identification of the involvement of novel genes in particular pathways and 

10 their functions in such model organisms can directly contribute to the understanding of the 
correlative pathways and methods of modulating them in mammals (see, for example, 
Mechler BM et al., 1985 EMBO J 4:1551-1557; GateffE. 1982 Adv. Cancer Res. 37: 33- 
74; Watson KL., et al., 1994 J Cell Sci. 18: 19-33; Miklos GL, and Rubin GM. 1996 Cell 
86:521-529; Wassarman DA, et al., 1995 Curr Opin Gen Dev 5: 44-50; and Booth DR. 

15 1999 Cancer Metastasis Rev. 18: 261-284). For example, a genetic screen can be carried 
out in an invertebrate model organism having underexpression (e.g. knockout) or 
overexpression of a gene (referred to as a "genetic entry point") that yields a visible 
phenotype. Additional genes are mutated in a random or targeted manner. When a gene 
mutation changes the original phenotype caused by the mutation in the genetic entry point, 

20 the gene is identified as a "modifier" involved in the same or overlapping pathway as the 
genetic entry point. When the genetic entry point is an ortholog of a human gene 
implicated in a disease pathway, such as p53, modifier genes can be identified that may be 
attractive candidate targets for novel therapeutics. 

All references cited herein, including sequence information in referenced Genbank 

25 identifier numbers and website references, are incorporated herein in their entireties. 



SUMMARY OF THE INVENTION 

We have discovered genes that modify the p53 pathway in Drosophila, and identified 
their human orthologs, hereinafter referred to as LCEs. The invention provides methods 
30 for utilizing these p53 modifier genes and polypeptides to identify candidate therapeutic 
agents that can be used in the treatment of disorders associated with defective p53 
function. Preferred LCE-modulating agents specifically bind to LCE polypeptides and 
restore p53 function. Other preferred LCE-modulating agents are nucleic acid modulators 
such as antisense oligomers and RNAi that repress LCE gene expression or product 

4 
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activity by, for example, binding to and inhibiting the respective nucleic acid (i.e. DNA or 
mRNA). 

LCE-specific modulating agents may be evaluated by any convenient in vitro or in 
vivo assay for molecular interaction with an LCE polypeptide or nucleic acid. In one 
5 embodiment, candidate p53 modulating agents are tested with an assay system comprising 
a LCE polypeptide or nucleic acid. Candidate agents that produce a change in the activity 
of the assay system relative to controls are identified as candidate p53 modulating agents. 
The assay system may be cell-based or cell-free. LCE-modulating agents include LCE 
related proteins (e.g. dominant negative mutants, and biotherapeutics); LCE-specific 

10 antibodies; LCE-specific antisense oligomers and other nucleic acid modulators; and 
chemical agents that specifically bind LCE or compete with LCE binding target. In one 
specific embodiment, a small molecule modulator is identified using a binding assay. In 
specific embodiments, the screening assay system is selected from an apoptosis assay, a 
cell proliferation assay, an angiogenesis assay, and a hypoxic induction assay. 

15 In another embodiment, candidate p53 pathway modulating agents are further tested 

using a second assay system that detects changes in the p53 pathway, such as angiogenic, 
apoptotic, or cell proliferation changes produced by the originally identified candidate 
agent or an agent derived from the original agent. The second assay system may use 
cultured cells or non-human animals. In specific embodiments, the secondary assay 

20 system uses non-human animals, including animals predetermined to have a disease or 
disorder implicating the p53 pathway, such as an angiogenic, apoptotic, or cell 
proliferation disorder (e.g. cancer). 

The invention further provides methods for modulating the p53 pathway in a 
mammalian cell by contacting the mammalian cell with an agent that specifically binds a 

25 LCE polypeptide or nucleic acid. The agent may be a small molecule modulator, a nucleic 
acid modulator, or an antibody and may be administered to a mammalian animal 
predetermined to have a pathology associated the p53 pathway. 

The invention further provides methods of identifying candidate branching 
morphogenesis modulating agents and methods of modulating branching morphogenesis 

30 in mammalian cells using an LCE. 

DETAILED DESCRIPTION OF THE INVENTION 

Genetic screens were designed to identify modifiers of the p53 pathway in Drosophila 
in which p53 was overexpressed in the wing (Ollmann M, et al., Cell 2000 101: 91-101). 
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The baldspot gene was identified as a modifier of the p53 pathway. Accordingly, 
vertebrate orthologs of these modifiers, and preferably the human orthologs, LCE genes 
(i.e., nucleic acids and polypeptides) are attractive drug targets for the treatment of 
pathologies associated with a defective p53 signaling pathway, such as cancer. 
5 We have further identified an LCE (ELOVL4) that is involved in branching 

morphogenesis, specifically angiogenesis and vasculogenesis, as further described in the 
Examples. Accordingly, ELOVL4 is an attractive drug target for the treatment of 
pathologies related to branching morphogenesis, including the treatment of tumors whose 
growth is associated with increased angiogenesis. 

1 0 In vitro and in vivo methods of assessing LCE function are provided herein. 

Modulation of the LCE or their respective binding partners is useful for understanding the 
association of the p53 pathway and its members in normal and disease conditions and for 
developing diagnostics and therapeutic modalities for p53 related pathologies. Modulation 
of the ELOVL4 or its binding partners is further useful for elucidating the process of 

15 branching morphogenesis and the association of branching morphogenesis with the p53 
pathway, and for developing diagnostic and therapeutic modalities for pathologies 
associated with the branching morphogenesis. As used herein, branching morphogenesis 
encompasses the numerous cellular process involved in the formation of branched 
networks, including proliferation, survival/apoptosis, migration, invasion, adhesion, 

20 aggregation and matrix remodeling. As used herein, pathologies associated with 
branching morphogenesis encompass pathologies where branching morphogenesis 
contributes to maintaining the healthy state, as well as pathologies whose course may be 
altered by modulation of the branching morphogenesis. 

LCE-modulating agents that act by inhibiting or enhancing LCE expression, directly or 

25 indirectly, for example, by affecting an LCE function such as enzymatic (e.g., catalytic) or 
binding activity, can be identified using methods provided herein. LCE modulating agents 
are useful in diagnosis, therapy and pharmaceutical development. 

Nucleic acids and polypeptides of the invention 

30 Sequences related to LCE nucleic acids and polypeptides that can be used in the 

invention are disclosed in Genbank (referenced by Genbank identifier (GI) number) as 
GI#s 10444344 (SEQ ID NO:l), 13129087 (SEQ ID NO:3), 10440044 (SEQ ID NO:4), 
12044042 (SEQ ID NO:5), 12232378 (SEQ ID NO:6), and 18576451 (SEQ ID NO:8) for 
nucleic acid, and GI#s 10444345 (SEQ ID NO:9), 13129088 (SEQ ID NO:ll), 10440045 
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(SEQ ID NO:12), 12044043 (SEQ ID NO: 13), 12232379 (SEQ ID NO: 14), and 17454617 
(SEQ ID NO: 16) for polypeptides. Additionally, nucleic acid sequences of SEQ ID NOs: 
2 and 7, and polypeptide sequences of SEQ ID NOs: 10 and 15 can also be used in the 
invention. 

5 LCEs axe fatty acid elongase proteins with GNS 1/SUR4 domains. The term "LCE 
polypeptide" refers to a full-length LOB protein or a functionally active fragment or 
derivative thereof. A "functionally active" LCE fragment or derivative exhibits one or 
more functional activities associated with a full-length, wild-type LCE protein, such as 
antigenic or immunogenic activity, enzymatic activity, ability to bind natural cellular 

10 substrates, etc. The functional activity of LCE proteins, derivatives and fragments can be 
assayed by various methods known to one skilled in the art (Current Protocols in Protein 
Science (1998) Coligan et cd., eds., John Wiley & Sons, Inc., Somerset, New Jersey) and 
as further discussed below. For purposes herein, functionally active fragments also 
include those fragments that comprise one or more structural domains of an LCE, such as 

15 a binding domain. Protein domains can be identified using the PFAM program (Bateman 
A., et al., Nucleic Acids Res, 1999, 27:260-2; htt p://pfam.wustl.edu) . For example, the 
GNS1/SUR4 domain (PFAM 01151) ofLCEfrom GI#s 10444345, 13129088, 12232379, 
and 17454617 (SEQ ID NOs:9, 11,14, and 16, respectively) are located respectively at 
approximately amino acid residues 1-235, 10 to 265, 9 to 289, and 55 to 270. Methods for 

20 obtaining LCE polypeptides are also further described below. In some embodiments, 
preferred fragments are functionally active, domain-containing fragments comprising at 
least 25 contiguous amino acids, preferably at least 50, more preferably 75, and most 
preferably at least 100 contiguous amino acids of any one of SEQ ID NOs: 9, 10, 11, 12, 
13, 14, 15, or 16 (an LCE). In further preferred embodiments, the fragment comprises the 

25 entire GNS1/SUR4 (functionally active) domain. 

The term "LCE nucleic acid" refers to a DNA or RNA molecule that encodes a LCE 
polypeptide. Preferably, the LCE polypeptide or nucleic acid or fragment thereof is from 
a human, but can also be an ortholog, or derivative thereof with at least 70% sequence 
identity, preferably at least 80%, more preferably 85%, still more preferably 90%, and 

30 most preferably at least 95% sequence identity with LCE. Normally, orthologs in different 
species retain the same function, due to presence of one or more protein motifs and/or 3- 
dimensional structures. Orthologs are generally identified by sequence homology 
analysis, such as BLAST analysis, usually using protein bait sequences. Sequences are 
assigned as a potential ortholog if the best hit sequence from the forward BLAST result 

7 
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retrieves the original query sequence in the reverse BLAST (Huynen MA and Bork P, 
Proc Nad Acad Sci (1998) 95:5849-5856; Huynen MA et al, Genome Research (2000) 
10:1204-1210). Programs for multiple sequence alignment, such as CLUSTAL 
(Thompson JD et al, 1994, Nucleic Acids Res 22:4673-4680) may be used to highlight 
5 conserved regions and/or residues of orthologous proteins and to generate phylogenetic 
trees. In a phylogenetic tree representing multiple homologous sequences from diverse 
species (e.g., retrieved through BLAST analysis), orthologous sequences from two species 
generally appear closest on the tree with respect to all other sequences from these two 
species. Structural threading or other analysis of protein folding (e.g., using software by 

10 ProCeryon, Biosciences, Salzburg, Austria) may also identify potential orthologs. In 

evolution, when a gene duplication event follows speciation, a single gene in one species, 
such as Drosophila, may correspond to multiple genes (paralogs) in another, such as 
human. As used herein, the term "orthologs" encompasses paralogs. As used herein, 
"percent (%) sequence identity" with respect to a subject sequence, or a specified portion 

15 of a subject sequence, is defined as the percentage of nucleotides or amino acids in the 
candidate derivative sequence identical with the nucleotides or amino acids in the subject 
sequence (or specified portion thereof), after aligning the sequences and introducing gaps, 
if necessary to achieve the maximum percent sequence identity, as generated by the 
program WU-BLAST-2.0al9 (Altschul et al, J. Mol. Biol. (1997) 215:403-410; 

20 http://blast wsd.edu^last/README.html) with all the search parameters set to default 
values. The HSP S and HSP S2 parameters are dynamic values and are established by the 
program itself depending upon the composition of the particular sequence and composition 
of the particular database against which the sequence of interest is being searched. A % 
identity value is determined by the number of matching identical nucleotides or amino 

25 acids divided by the sequence length for which the percent identity is being reported. 

"Percent (%) amino acid sequence similarity" is determined by doing the same calculation 
as for determining % amino acid sequence identity, but including conservative amino acid 
substitutions in addition to identical amino acids in the computation. 

A conservative amino acid substitution is one in which an amino acid is substituted for 

30 another amino acid having similar properties such that the folding or activity of the protein 
is not significantly affected. Aromatic amino acids that can be substituted for each other 
are phenylalanine, tryptophan, and tyrosine; interchangeable hydrophobic amino acids are 
leucine, isoleucine, methionine, and valine; interchangeable polar amino acids are 
glutamine and asparagine; interchangeable basic amino acids are arginine, lysine and 
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histidine; interchangeable acidic amino acids are aspartic acid and glutamic acid; and 
interchangeable small amino acids are alanine, serine, threonine, cysteine and glycine. 

Alternatively, an alignment for nucleic acid sequences is provided by the local 
homology algorithm of Smith and Waterman (Smith and Waterman, 1981, Advances in 
5 Applied Mathematics 2:482-489; database: European Bioinformatics Institute 

http://www.ebi.ac.uk/MPsrch/; Smith and Waterman, 1981, J. of MoleaBiol., 147:195- 
197; Nicholas et al., 1998, "A Tutorial on Searching Sequence Databases and Sequence 
Scoring Methods" (www.psc.edu) and references cited therein.; W.R. Pearson, 1991, 
Genomics 11:635-650). This algorithm can be applied to amino acid sequences by using 

10 the scoring matrix developed by Dayhoff (Dayhoff: Atlas of Protein Sequences and 
Structure, M. O. Dayhoff ed., 5 suppl. 3:353-358, National Biomedical Research 
Foundation, Washington, D.C., USA), and normalized by Gribskov (Gribskov 1986 
Nucl. Acids Res. 14(6):6745-6763). The Smith-Waterman algorithm may be employed 
where default parameters are used for scoring (for example, gap open penalty of 12, gap 

15 extension penalty of two). From the data generated, the "Match" value reflects "sequence 
identity." 

Derivative nucleic acid molecules of the subject nucleic acid molecules include 
sequences that hybridize to the nucleic acid sequence of any of SEQ ID NOs:l, 2, 3, 4, 5 
,6 7, or 8. The stringency of hybridization can be controlled by temperature, ionic 

20 strength, pH, and the presence of denaturing agents such as f ormamide during 

hybridization and washing. Conditions routinely used are set out in readily available 
procedure texts (e.g., Current Protocol in Molecular Biology, Vol. 1, Chap. 2.10, John 
Wiley & Sons, Publishers (1994); Sambrook et al, Molecular Cloning, Cold Spring 
Harbor (1989)). In some embodiments, a nucleic acid molecule of the invention is capable 

25 of hybridizing to a nucleic acid molecule containing the nucleotide sequence of any one of 
SEQ JD NOs.T, 2, 3, 4, 5, 6, 7, or 8 under stringent hybridization conditions that comprise: 
prehybridization of filters containing nucleic acid for 8 hours to overnight at 65° C in a 
solution comprising 6X single strength citrate (SSC) (IX SSC is 0.15 M NaCl, 0.015 M 
Na citrate; pH 7.0), 5X Denhardt's solution, 0.05% sodium pyrophosphate and 100 /tg/ml 

30 herring sperm DNA; hybridization for 18-20 hours at 65° C in a solution containing 6X 
SSC, IX Denhardt's solution, 100 /xg/ml yeast tRNA and 0.05% sodium pyrophosphate; 
and washing of filters at 65° C for lh in a solution containing 0.2X SSC and 0.1% SDS 
(sodium dodecyl sulfate). 
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In other embodiments, moderately stringent hybridization conditions are used that 
comprise: pretreatment of filters containing nucleic acid for 6 h at 40° C in a solution 
containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH7.5), SmMEDTA, 0.1% PVP, 
0.1% Ficoll, 1% BSA, and 500 /ig/ml denatured salmon sperm DNA; hybridization for 
5 18-20h at 40° C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl 
(pH7.5), 5mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 fig/wl salmon sperm 
DNA, and 10% (wt/vol) dextran sulfate; followed by washing twice for 1 hour at 55° C in 
a solution containing 2X SSC and 0.1% SDS. 

Alternatively, low stringency conditions can be used that comprise: incubation for 8 
10 hours to overnight at 37° C in a solution comprising 20% formamide, 5 x SSC, 50 mM 
sodium phosphate (pH 7.6), 5X Denhardt's solution, 10% dextran sulfate, and 20 fig/wl 
denatured sheared salmon sperm DNA; hybridization in the same buffer for 18 to 20 
. hours; and washing of filters in 1 x SSC at about 37° C for 1 hour. 



15 Isolation. Production, Expression, and Mis-expression of LCE Nucleic A cids and 
Polypeptides 

LCE nucleic acids and polypeptides, useful for identifying and testing agents that 
modulate LCE function and for other applications related to the involvement of LCE in the 
p53 pathway. LCE nucleic acids and derivatives and orthologs thereof may be obtained 

20 using any available method. For instance, techniques for isolating cDNA or genomic 
DNA sequences of interest by screening DNA libraries or by using polymerase chain 
reaction (PGR) are well known in the art. In general, the particular use for the protein will 
dictate the particulars of expression, production, and purification methods. For instance, 
production of proteins for use in screening for modulating agents may require methods 

25 that preserve specific biological activities of these proteins, whereas production of proteins 
for antibody generation may require structural integrity of particular epitopes. Expression 
of proteins to be purified for screening or antibody production may require the addition of 
specific tags (e.g., generation of fusion proteins). Overexpression of an LCE protein for 
assays used to assess LCE function, such as involvement in cell cycle regulation or 

30 hypoxic response, may require expression in eukaryotic cell lines capable of these cellular 
activities. Techniques for the expression, production, and purification of proteins are well 
known in the art; any suitable means therefore may be used (e.g., Higgins SJ and Hames 
BD (eds.) Protein Expression: A Practical Approach, Oxford University Press Inc., New 
York 1999; Stanbury PF et al., Principles of Fermentation Technology, 2 nd edition, 
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Elsevier Science, New York, 1995; Doonan S (ed.) Protein Purification Protocols, 
Humana Press, New Jersey, 1996; Coligan JE et al, Current Protocols in Protein Science 
(eds.). 1999, John Wiley & Sons, New York). In particular embodiments, recombinant 
LCE is expressed in a cell line known to have defective p53 function (e.g. SAOS-2 

5 osteoblasts, H1299 lung cancer cells, C33A and HT3 cervical cancer cells, HT-29 and 
DLD-1 colon cancer cells, among others, available from American Type Culture 
Collection (ATCC), Manassas, VA). The recombinant cells are used in cell-based 
screening assay systems of the invention, as described further below. 

The nucleotide sequence encoding an LCE polypeptide can be inserted into any 

10 appropriate expression vector. The necessary transcriptional and translational signals, 
including promoter/enhancer element, can derive from the native LCE gene and/or its 
flanking regions or can be heterologous. A variety of host-vector expression systems may 
be utilized, such as mammalian cell systems infected with virus {e.g. vaccinia virus, 
adenovirus, etc.); insect cell systems infected with virus (e.g. baculovirus); 

15 microorganisms such as yeast containing yeast vectors, or bacteria transformed with 

bacteriophage, plasmid, or cosmid DNA. A host cell strain that modulates the expression 
of, modifies, and/or specifically processes the gene product may be used. 

To detect expression of the LCE gene product, the expression vector can comprise a 
promoter operably linked to an LCE gene nucleic acid, one or more origins of replication, 

20 and, one or more selectable markers (e.g. thymidine kinase activity, resistance to 
antibiotics, etc.). Alternatively, recombinant expression vectors can be identified by 
assaying for the expression of the LCE gene product based on the physical or functional 
properties of the LCE protein in in vitro assay systems (e.g. immunoassays). 

The LCE protein, fragment, or derivative may be optionally expressed as a fusion, or 

25 chimeric protein product (i.e. it is joined via a peptide bond to a heterologous protein 
sequence of a different protein), for example to facilitate purification or detection. A 
chimeric product can be made by ligating the appropriate nucleic acid sequences encoding 
the desired amino acid sequences to each other using standard methods and expressing the 
chimeric product. A chimeric product may also be made by protein synthetic techniques, 

30 e.g. by use of a peptide synthesizer (Hunkapiller et al., Nature (1984) 310: 105-1 1 1). 

Once a recombinant cell that expresses the LCE gene sequence is identified, the gene 
product can be isolated and purified using standard methods (e.g. ion exchange, affinity, 
and gel exclusion chromatography; centrifugation; differential solubility; electrophoresis). 
Alternatively, native LCE proteins can be purified from natural sources, by standard 

11 
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methods (e.g. immunoaffinity purification). Once a protein is obtained, it may be 
quantified and its activity measured by appropriate methods, such as immunoassay, 
bioassay, or other measurements of physical properties, such as crystallography. 

The methods of this invention may also use cells that have been engineered for altered 
5 expression (mis-expression) of LCE or other genes associated with the p53 pathway. As 
used herein, mis-expression encompasses ectopic expression, over-expression, under- 
expression, and non-expression (e.g. by gene knock-out or blocking expression that would 
otherwise normally occur). 

10 Genetically modified animals 

Animal models that have been genetically modified to alter LCE expression may be 
used in in vivo assays to test for activity of a candidate p53 modulating agent, or to further 
assess the role of LCE in a p53 pathway process such as apoptosis or cell proliferation. 
Preferably, the altered LCE expression results in a detectable phenotype, such as 

15 decreased or increased levels of cell proliferation, angiogenesis, or apoptosis compared to 
control animals having normal LCE expression. The genetically modified animal may 
additionally have altered p53 expression (e.g. p53 knockout). Preferred genetically 
modified animals are mammals such as primates, rodents (preferably mice), cows, horses, 
goats, sheep, pigs, dogs and cats. Preferred non-mammalian species include zebrafish, C. 

20 elegans, and Drosophila. Preferred genetically modified animals are transgenic animals 
having a heterologous nucleic acid sequence present as an extrachromosomal element in a 
portion of its cells, i.e. mosaic animals (see, for example, techniques described by 
Jakobovits, 1994, Curr. Biol. 4:761-763.) or stably integrated into its germ line DNA (i.e., 
in the genomic sequence of most or all of its cells). Heterologous nucleic acid is 

25 introduced into the germ line of such transgenic animals by genetic manipulation of, for 
example, embryos or embryonic stem cells of the host animal. 

Methods of making transgenic animals are well-known in the art (for transgenic mice 
see Brinster et al., Proc. Nat. Acad. Sci. USA 82: 4438-4442 (1985), U.S. Pat. Nos. 
4,736,866 and 4,870,009, both by Leder et al., U.S. Pat. No. 4,873,191 by Wagner et al., 

30 and Hogan, B., Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N. Y., (1986); for particle bombardment see U.S. Pat. No., 4,945,050, 
by Sandford et al.', for transgenic Drosophila see Rubin and Spradling, Science (1982) 
218:348-53 and U.S. Pat. No. 4,670,388; for transgenic insects see Berghammer AJ. et 
al, A Universal Marker for Transgenic Insects (1999) Nature 402:370-371; for transgenic 
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Zebrafish see Lin S., Transgenic Zebrafish, Methods Mol Biol. (2000);136:3J5-3830); for 
microinjection procedures for fish, amphibian eggs and birds see Houdebine and 
Chourrout, Experientia (1991) 47:897-905; for transgenic rats see Hammer et al., Cell 
(1990) 63:1099-1112; and for culturing of embryonic stem (ES) cells and the subsequent 
5 production of transgenic animals by the introduction of DNA into ES cells using methods 
such as electroporation, calcium phosphate/DNA precipitation and direct injection see, 
e.g., Teratocarcinomas and Embryonic Stem Cells, A Practical Approach, E. J. Robertson, 
ed., ERL Press (1987)). Clones of the nonhuman transgenic animals can be produced 
according to available methods (see Wilmut, L et al. (1997) Nature 385:810-813; and PCT 

10 International Publication Nos. WO 97/07668 and WO 97/07669). 

In one embodiment, the transgenic animal is a "knock-out" animal having a 
heterozygous or homozygous alteration in the sequence of an endogenous LCE gene that 
results in a decrease of LCE function, preferably such that LCE expression is undetectable 
or insignificant. Knock-out animals are typically generated by homologous recombination 

15 with a vector comprising a transgene having at least a portion of the gene to be knocked 
out. Typically a deletion, addition or substitution has been introduced into the transgene 
to functionally disrupt it. The transgene can be a human gene (e.g., from a human 
genomic clone) but more preferably is an ortholog of the human gene derived from the 
transgenic host species. For example, a mouse LCE gene is used to construct a 

20 homologous recombination vector suitable for altering an endogenous LCE gene in the 
mouse genome. Detailed methodologies for homologous recombination in mice are 
available (see Capecchi, Science (1989) 244:1288-1292; Joyner et al, Nature (1989) 
338:153-156). Procedures for the production of non-rodent transgenic mammals and other 
animals are also available (Houdebine and Chourrout, supra\ Pursel et al, Science (1989) 

25 244:1281-1288; Simms et al, Bio/Technology (1988) 6:179-183). In a preferred 

embodiment, knock-out animals, such as mice harboring a knockout of a specific gene, 
may be used to produce antibodies against the human counterpart of the gene that has been 
knocked out (Claesson MH et al., (1994) Scan J Immunol 40:257-264; DeclerckPJet 
al., (1995) J Biol Chem. 270:8397-400). 

30 In another embodiment, the transgenic animal is a "knock-in" animal having an 
alteration in its genome that results in altered expression (e.g., increased (including 
ectopic) or decreased expression) of the LCE gene, e.g., by introduction of additional 
copies of LCE, or by operatively inserting a regulatory sequence that provides for altered 
expression of an endogenous copy of the LCE gene. Such regulatory sequences include 
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inducible, tissue-specific, and constitutive promoters and enhancer elements. The knock- 
in can be homozygous or heterozygous. 

Transgenic nonhuman animals can also be produced that contain selected systems 
allowing for regulated expression of the transgene. One example of such a system that 
5 may be produced is the cre/loxP recombinase system of bacteriophage PI (Lakso et aL, 
PNAS (1992) 89:6232-6236; U.S. Pat No. 4,959,317). If a cre/loxP recombinase system 
is used to regulate expression of the transgene, animals containing transgenes encoding 
both the Cre recombinase and a selected protein are required. Such animals can be 
provided through the construction of "double" transgenic animals, e.g., by mating two 

10 transgenic animals, one containing a transgene encoding a selected protein and the other 
containing a transgene encoding a recombinase. Another example of a recombinase 
system is the FLP recombinase system of Saccharomyces cerevisiae (O'Gorman et aL 
(1991) Science 251:1351-1355; U.S. Pat. No. 5,654,182). In a preferred embodiment, 
both Cre-LoxP and Hp-Frt are used in the same system to regulate expression of the 

15 transgene, and for sequential deletion of vector sequences in the same cell (Sun X et al 
(2000) Nat Genet 25:83-6). 

The genetically modified animals can be used in genetic studies to further elucidate the 
p53 pathway, as animal models of disease and disorders implicating defective p53 
function, and for in vivo testing of candidate therapeutic agents, such as those identified in 

20 screens described below. The candidate therapeutic agents are administered to a 

genetically modified animal having altered LCE function and phenotypic changes are 
compared with appropriate control animals such as genetically modified animals that 
receive placebo treatment, and/or animals with unaltered LCE expression that receive 
candidate therapeutic agent 

25 In addition to the above-described genetically modified animals having altered LCE 
function, animal models having defective p53 function (and otherwise normal LCE 
function), can be used in the methods of the present invention. For example, a p53 
knockout mouse can be used to assess, in vivo, the activity of a candidate p53 modulating 
agent identified in one of the in vitro assays described below. p53 knockout mice are 

30 described in the literature (Jacks et al., Nature 2001;410:1111-1116, 1043-1044; 
Donehower et al, supra). Preferably, the candidate p53 modulating agent when 
administered to a model system with cells defective in p53 function, produces a detectable 
phenotypic change in the model system indicating that the p53 function is restored, i.e., 
the cells exhibit normal cell cycle progression. 

14 
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Modulating Agents 

The invention provides methods to identify agents that interact with and/or modulate 
the function of LCE and/or the p53 pathway. Such agents are useful in a variety of 
diagnostic and therapeutic applications associated with the p53 pathway, as well as in 
5 further analysis of the LCE protein and its contribution to the p53 pathway. Accordingly, 
the invention also provides methods for modulating the p53 pathway comprising the step 
of specifically modulating LCE activity by administering a LCE-interacting or - 
modulating agent. 

In a preferred embodiment, LCE-modulating agents inhibit or enhance LCE activity or 

10 otherwise affect normal LCE function, including transcription, protein expression, protein 
localization, and cellular or extra-cellular activity. In a further preferred embodiment, the 
candidate p53 pathway- modulating agent specifically modulates the function of the LCE. 
The phrases "specific modulating agent", "specifically modulates", etc., are used herein to 
refer to modulating agents that directly bind to the LCE polypeptide or nucleic acid, and 

15 preferably inhibit, enhance, or otherwise alter, the function of the LCE. The term also 

encompasses modulating agents that alter the interaction of the LCE with a binding partner 
or subslrate (e.g. by binding to a binding partner of an LCE, or to a protein/binding partner 
complex, and inhibiting function). 

Preferred LCE-modulating agents include small molecule compounds; LCE- 

20 interacting proteins, including antibodies and other biotherapeutics; and nucleic acid 
modulators such as antisense and RNA inhibitors. The modulating agents may be 
formulated in pharmaceutical compositions, for example, as compositions that may 
comprise other active ingredients, as in combination therapy, and/or suitable carriers or 
excipients. Techniques for formulation and administration of the compounds may be 

25 found in "Remington's Pharmaceutical Sciences" Mack Publishing Co., Easton, PA, 19 th 
edition. 



Small molecule modulators 

Small molecules, are often preferred to modulate function of proteins with enzymatic 
30 function, and/or containing protein interaction domains. Chemical agents, referred to in 
the art as "small molecule" compounds are typically organic, non-peptide molecules, 
having a molecular weight less than 10,000, preferably less than 5,000, more preferably 
less than 1,000, and most preferably less than 500. This class of modulators includes 
chemically synthesized molecules, for instance, compounds from combinatorial chemical 

15- 
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libraries. Synthetic compounds may be rationally designed or identified based on known 
or inferred properties of the LCE protein or may be identified by screening compound 
libraries. Alternative appropriate modulators of this class are natural products, particularly 
secondary metabolites from organisms such as plants or fungi, which can also be 
5 identified by screening compound libraries for LCE-modulating activity. Methods for 
generating and obtaining compounds are well known in the art (Schreiber SL, Science 
(2000) 151: 1964-1969; Radmann J and Gunther J, Science (2000) 151:1947-1948). 

Small molecule modulators identified from screening assays, as described below, can 
be used as lead compounds from which candidate clinical compounds may be designed, 

10 optimized, and synthesized. Such clinical compounds may have utility in treating 

pathologies associated with the p53 pathway. The activity of candidate small molecule 
modulating agents may be improved several-fold through iterative secondary functional 
validation, as further described below, structure determination, and candidate modulator 
modification and testing. Additionally, candidate clinical compounds are generated with 

15 specific regard to clinical and pharmacological properties. For example, the reagents may 
be derivatized and re-screened using in vitro and in vivo assays to optimize activity and 
minimize toxicity for pharmaceutical development. 



Protein Modulators 

20 Specific LCE-interacting proteins are useful in a variety of diagnostic and therapeutic 
applications related to the p53 pathway and related disorders, as well as in validation 
assays for other LCE-modulating agents. In a preferred embodiment, LCE-interacting 
proteins affect normal LCE function, including transcription, protein expression, protein 
localization, and cellular or extra-cellular activity. In another embodiment, LCE- 

25 interacting proteins are useful in detecting and providing information about the function of 
LCE proteins, as is relevant to p53 related disorders, such as cancer (e.g., for diagnostic 
means). 

An LCE-interacting protein may be endogenous, i.e. one that naturally interacts 
genetically or biochemically with an LCE, such as a member of the LCE pathway that 
30 modulates LCE expression, localization, and/or activity. LCE-modulators include 

dominant negative forms of LCE-interacting proteins and of LCE proteins themselves. 
Yeast two-hybrid and variant screens offer preferred methods for identifying endogenous 
LCE-interacting proteins (Finley, R. L. et al. (1996) in DNA Cloning-Expression Systems: 
A Practical Approach, eds. Glover D. & Hames B. D (Oxford University Press, Oxford, 
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England), pp. 169-203; Fashema SF et al., Gene (2000) 250:1-14; Drees BL Curr Opin 
Chem Biol (1999) 3:64-70; Vidal M and Legrain P Nucleic Acids Res (1999) 27:919-29; 
and U.S. Pat No. 5,928,868). Mass spectrometry is an alternative preferred method for 
the elucidation of protein complexes (reviewed in, e.g., Pandley A and Mann M, Nature 
5 (2000) 405:837-846; Yates JR 3 rd , Trends Genet (2000) 16:5-8). 

An LCE-interacting protein may be an exogenous protein, such as an LCE-specific 
antibody or a T-cell antigen receptor (see, e.g., Harlow and Lane (1988) Antibodies, A 
Laboratory Manual, Cold Spring Harbor Laboratory; Harlow and Lane (1999) Using 
antibodies: a laboratory manual. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory 
10 Press). LCE antibodies are further discussed below. 

In preferred embodiments, an LCE-interacting protein specifically binds an LCE 
protein. In alternative preferred embodiments, an LCE-modulating agent binds an LCE 
substrate, binding partner, or cof actor. 



15 Antibodies 

In another embodiment, the protein modulator is an LCE specific antibody agonist or 
antagonist. The antibodies have therapeutic and diagnostic utilities, and can be used in 
screening assays to identify LCE modulators. The antibodies can also be used in 
dissecting the portions of the LCE pathway responsible for various cellular responses and 

20 in the general processing and maturation of the LCE. 

Antibodies that specifically bind LCE polypeptides can be generated using known 
methods. Preferably the antibody is specific to a mammalian ortholog of LCE 
polypeptide, and more preferably, to human LCE. Antibodies may be polyclonal, 
monoclonal (mAbs), humanized or chimeric antibodies, single chain antibodies, Fab 

25 fragments, F(ab').sub.2 fragments, fragments produced by a FAb expression library, anti- 
idiotype (anti-Id) antibodies, and epitope-binding fragments of any of the above. 
Epitopes of LCE which are particularly antigenic can be selected, for example, by routine 
screening of LCE polypeptides for antigenicity or by applying a theoretical method for 
selecting antigenic regions of a protein (Hopp and Wood (1981), Proc. Nati. Acad. Sci. 

30 U.S.A. 78:3824-28; Hopp and Wood, (1983) Mol. Immunol. 20:483-89; Sutcliffe et al., 
(1983) Science 219:660-66) to the amino acid sequence shown in any of SEQ ID NOs:9, 
10, 11, 12, 13, 14, 15, or 16. Monoclonal antibodies with affinities of 10 8 M" 1 preferably 
10 9 M" 1 to 10 10 M" 1 , or stronger can be made by standard procedures as described (Harlow 
and Lane, supra\ Goding (1986) Monoclonal Antibodies: Principles and Practice (2d ed) 
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Academic Press, New York; and U.S. Pat Nos. 4,381,292; 4,451,570; and 4,618,577). 
Antibodies may be generated against crude cell extracts of LCE or substantially purified 
fragments thereof. If LCE fragments are used, they preferably comprise at least 10, and 
more preferably, at least 20 contiguous amino acids of an LCE protein. In a particular 
5 embodiment, LCE-specific antigens and/or immunogens are coupled to carrier proteins 
that stimulate the immune response. For example, the subject polypeptides are covalently 
coupled to the keyhole limpet hemocyanin (KLH) carrier, and the conjugate is emulsified 
in Freund's complete adjuvant, which enhances the immune response. An appropriate 
immune system such as a laboratory rabbit or mouse is immunized according to 

10 conventional protocols. 

The presence of LCE-specific antibodies is assayed by an appropriate assay such as a 
solid phase enzyme-linked immunosorbant assay (BUS A) using immobilized 
corresponding LCE polypeptides. Other assays, such as radioimmunoassays or 
fluorescent assays might also be used. 

15 Chimeric antibodies specific to LCE polypeptides can be made that contain different 

portions from different animal species. For instance, a human immunoglobulin constant 
region may be linked to a variable region of a murine mAb, such that the antibody derives 
its biological activity from the human antibody, and its binding specificity from the 
murine fragment. Chimeric antibodies are produced by splicing together genes that 

20 encode the appropriate regions from each species (Morrison et al., Proc. Natl. Acad. Sci. 

(1984) 81:6851-6855; Neuberger et al., Nature (1984) 312:604-608; Takeda et al., Nature 

(1985) 31:452-454). Humanized antibodies, which are a form of chimeric antibodies, can 
be generated by grafting complementary-determining regions (CDRs) (Carlos, T. M., J. M. 
Harlan. 1994. Blood 84:2068-2101) of mouse antibodies into a background of human 

25 framework regions and constant regions by recombinant DNA technology (Riechmann 
LM,etal., 1988 Nature 323: 323-327). Humanized antibodies contain -10% murine 
sequences and -90% human sequences, and thus further reduce or eliminate 
immunogenicity, while retaining the antibody specificities (Co MS, and Queen C. 1991 
Nature 351: 501-501; Morrison SL. 1992 Ann. Rev. hnmun. 10:239-265). Humanized 

30 antibodies and methods of their production are well-known in the art (U.S. Pat. Nos. 
5,530,101, 5,585,089, 5,693,762, and 6,180,370). 

LCE-specific single chain antibodies which are recombinant, single chain polypeptides 
formed by linking the heavy and light chain fragments of the Fv regions via an amino acid 
bridge, can be produced by methods known in the art (U.S. Pat. No. 4,946,778; Bird, 
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Science (1988) 242:423-426; Huston et aL, Proc. Natl. Acad. Sci. USA (1988) 85:5879- 

5883; and Ward et al., Nature (1989) 334:544-546). 

Other suitable techniques for antibody production involve in vitro exposure of 

lymphocytes to the antigenic polypeptides or alternatively to selection of libraries of 
5 antibodies in phage or similar vectors (Huse et al., Science (1989) 246:1275-1281). As 

used herein, T-cell antigen receptors are included within the scope of antibody modulators 

(Harlow and Lane, 1988, supra). 

The polypeptides and antibodies of the present invention may be used with or without 

modification. Frequendy, antibodies will be labeled by joining, either covalently or non- 
10 covalendy, a substance that provides for a detectable signal, or that is toxic to cells that 

express the targeted protein (Menard S, et al., Int J. Biol Markers (1989) 4:131-134). A 

wide variety of labels and conjugation techniques are known and are reported extensively 

in both the scientific and patent literature. Suitable labels include radionuclides, enzymes, 

substrates, cofactors, inhibitors, fluorescent moieties, fluorescent emitting lanthanide 
15 metals, chemiluminescent moieties, bioluminescent moieties, magnetic particles, and the 

like (U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149; 

and 4,366,241). Also, recombinant immunoglobulins may be produced (U.S. Pat. No. 

4,816,567). Antibodies to cytoplasmic polypeptides may be delivered and reach their 

targets by conjugation with membrane-penetrating toxin proteins (U.S. Pat. No. 
20 6,086,900). 

When used therapeutically in a patient, the antibodies of the subject invention are 
typically administered parenterally, when possible at the target site, or intravenously. The 
therapeutically effective dose and dosage regimen is determined by clinical studies. 
Typically, the amount of antibody administered is in the range of about 0.1 mg/kg -to 

25 about 10 mg/kg of patient weight. For parenteral administration, the antibodies are 
formulated in a unit dosage injectable form (e.g., solution, suspension, emulsion) in 
association with a pharmaceutically acceptable vehicle. Such vehicles are inherently 
nontoxic and non-therapeutic. Examples are water, saline, Ringer's solution, dextrose 
solution, and 5% human serum albumin. Nonaqueous vehicles such as fixed oils, ethyl 

30 oleate, or liposome carriers may also be used. The vehicle may contain minor amounts of 
additives, such as buffers and preservatives, which enhance isotonicity and chemical 
stability or otherwise enhance therapeutic potential. The antibodies' concentrations in 
such vehicles are typically in the range of about 1 mg/ml to aboutlO mg/ml. 
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Immunotherapeutic methods are further described in the literature (US Pat. No. 5,859,206; 
WO0073469). 

Specific biotherapeutics 
5 In a preferred embodiment, an LCE-interacting protein may have biotherapeutic 
applications. Biotherapeutic agents formulated in pharmaceutically acceptable carriers 
and dosages may be used to activate or inhibit signal transduction pathways. This 
modulation may be accomplished by binding a ligand, thus inhibiting the activity of the 
pathway; or by binding a receptor, either to inhibit activation of, or to activate, the 
1 0 receptor. Alternatively, the biotherapeutic may itself be a ligand capable of activating or 
inhibiting a receptor. Biotherapeutic agents and methods of producing them are described 
in detail in U.S. Pat. No. 6,146,628. 

LCE ligand(s), antibodies to the ligand(s) or the LCE itself may be used as 
biotherapeutics to modulate the activity of LCE in the p53 pathway. 

15 

Nucleic Acid Modulators 

Other preferred LCE-modulating agents comprise nucleic acid molecules, such as 
antisense oligomers or double stranded RNA (dsRNA), which generally inhibit LCE 
activity. Preferred nucleic acid modulators interfere with the function of the LCE nucleic 

20 acid such as DNA replication, transcription, translocation of the LCE RNA to the site of 
protein translation, translation of protein from the LCE RNA, splicing of the LCE RNA to 
yield one or more mRNA species, or catalytic activity which may be engaged in or 
facilitated by the LCE RNA. 

In one embodiment, the antisense oligomer is an oligonucleotide that is sufficienuy 

25 complementary to an LCE mRNA to bind to and prevent translation, preferably by binding 
to the 5' untranslated region. LCE-specific antisense oligonucleotides, preferably range 
from at least 6 to about 200 nucleotides. In some embodiments the oligonucleotide is 
preferably at least 10, 15, or 20 nucleotides in length. In other embodiments, the 
oligonucleotide is preferably less than 50, 40, or 30 nucleotides in length. The 

30 oligonucleotide can be DNA or RNA or a chimeric mixture or derivatives or modified 

versions thereof, single-stranded or double-stranded. The oligonucleotide can be modified 
at the base moiety, sugar moiety, or phosphate backbone. The oligonucleotide may 
include other appending groups such as peptides, agents that facilitate transport across the 
cell membrane, hybridization-triggered cleavage agents, and intercalating agents. 

20 
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In another embodiment, the antisense oligomer is a phosphothioate morpholino 
oligomer (PMO). PMOs are assembled from four different morpholino subunits, each of 
which contain one of four genetic bases (A, C, G, or T) linked to a six-membered 
morpholine ring. Polymers of these subunits are joined by non-ionic phosphodiamidate 
5 intersubunit linkages. Details of how to make and use PMOs and other antisense 
oligomers are well known in the art (e.g. see W099/18193; Probst JC, Antisense 
Oligodeoxynucleotide and Ribozyme Design, Methods. (2000) 22(3):271-281; Summerton 
J, and Weller D. 1997 Antisense Nucleic Acid Drug Dev. :7:187-95; US Pat. No. 
5,235,033; and US Pat No. 5,378,841). 

10 Alternative preferred LCE nucleic acid modulators are double-stranded RNA species 
mediating RNA interference (RNAi). RNAi is the process of sequence-specific, post- 
transcriptional gene silencing in animals and plants, initiated by double-stranded RNA 
(dsRNA) that is homologous in sequence to the silenced gene. Methods relating to the use 
of RNAi to silence genes in C. elegans, Drosophila, plants, and humans are known in the 

15 art (Fire A, et al., 1998 Nature 391:806-811; Fire, A. Trends Genet. 15, 358-363 (1999); 
Sharp, P. A. RNA interference 2001. Genes Dev. 15, 485-490 (2001); Hammond, S. M., 
et al., Nature Rev. Genet. 2, 110-1119 (2001); Tuschl, T. Chem. Biochem. 2, 239-245 
(2001); Hamilton, A. et al., Science 286, 950-952 (1999); Hammond, S. M., et al., 
Nature 404, 293-296 (2000); Zamore, P. D., et al., Cell 101, 25-33 (2000); Bernstein, E., 

20 et al., Nature 409, 363-366 (2001); Elbashir, S. M., et al., Genes Dev. 15, 188-200 
(2001);WO0129058;WO9932619;ElbashirSM,etal., 2001 Nature 411:494-498). 

Nucleic acid modulators are commonly used as research reagents, diagnostics, and 
therapeutics. For example, antisense oligonucleotides, which are able to inhibit gene 
expression with exquisite specificity, are often used to elucidate the function of particular 

25 genes (see, for example, U.S. Pat. No. 6,165,790). Nucleic acid modulators are also used, 
for example, to distinguish between functions of various members of a biological pathway. 
For example, antisense oligomers have been employed as therapeutic moieties in the 
treatment of disease states in animals and man and have been demonstrated in numerous 
clinical trials to be safe and effective (Milligan JF, et al, Current Concepts in Antisense 

30 Drug Design, J Med Chem. (1993) 36: 1923-1937; Tonkinson JL et al., Antisense 

Oligodeoxynucleotides as Clinical Therapeutic Agents, Cancer Invest. (1996) 14:54-65). 
Accordingly, in one aspect of the invention, an LCE-specific nucleic acid modulator is 
used in an assay to further elucidate the role of the LCE in the p53 pathway, and/or its 
relationship to other members of the pathway. In another aspect of the invention, an LCE- 
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specific antisense oligomer is used as a therapeutic agent for treatment of p53-related 
disease states. 

Assay Systems 

5 Hie invention provides assay systems and screening methods for identifying specific 
modulators of LCE activity. As used herein, an "assay system" encompasses all the 
components required for performing and analyzing results of an assay that detects and/or 
measures a particular event. In general, primary assays are used to identify or confirm a 
modulator's specific biochemical or molecular effect with respect to the LCE nucleic acid 

10 or protein. In general, secondary assays further assess the activity of a LCE modulating 
agent identified by a primary assay and may confirm that the modulating agent affects 
LCE in a manner relevant to the p53 pathway. In some cases, LCE modulators will be 
directly tested in a secondary assay. 

In a preferred embodiment, the screening method comprises contacting a suitable 

15 assay system comprising an LCE polypeptide with a candidate agent under conditions 
whereby, but for the presence of the agent, the system provides a reference activity (e.g. 
binding activity), which is based on the particular molecular event the screening method 
detects. A statistically significant difference between the agent-biased activity and the 
reference activity indicates that the candidate agent modulates LCE activity, and hence the 

20 p53 pathway. 

Primary Assays 

The type of modulator tested generally determines the type of primary assay. 

25 Primary assays for small molecule modulators 

For small molecule modulators, screening assays are used to identify candidate 
modulators. Screening assays may be cell-based or may use a cell-free system that 
recreates or retains the relevant biochemical reaction of the target protein (reviewed in 
Sittampalam GS et al, Curr Opin Chem Biol (1997) 1:384-91 and accompanying 

30 references). As used herein the term "cell-based 11 refers to assays using live cells, dead 
cells, or a particular cellular fraction, such as a membrane, endoplasmic reticulum, or 
mitochondrial fraction. The term "cell free" encompasses assays using substantially 
purified protein (either endogenous or recombinantly produced), partially purified or crude 
cellular extracts. Screening assays may detect a variety of molecular events, including 



22 



WO 02/099068 PCT/US02/17739 

protein-DNA interactions, protein-protein interactions (e.g., receptor-ligand binding), 
transcriptional activity (e.g., using a reporter gene), enzymatic activity (e.g., via a property 
of the substrate), activity of second messengers, immnnogenicty and changes in cellular 
morphology or other cellular characteristics. Appropriate screening assays may use a wide 
5 range of detection methods including fluorescent, radioactive, colorimetric, 

spectrophotometric, and amperometric methods, to provide a read-out for the particular 
molecular event detected. 

Cell-based screening assays usually require systems for recombinant expression of 
LCE and any auxiliary proteins demanded by the particular assay. Appropriate methods 

10 for generating recombinant proteins produce sufficient quantities of proteins that retain 
their relevant biological activities and are of sufficient purity to optimize activity and 
assure assay reproducibility. Yeast two-hybrid and variant screens, and mass spectrometry 
provide preferred methods for determining protein-protein interactions and elucidation of 
protein complexes. In certain applications, when LCE-interacting proteins are used in 

15 screens to identify small molecule modulators, the binding specificity of the interacting 
protein to the LCE protein may be assayed by various known methods such as substrate 
processing (e.g. ability of the candidate LCE-specific binding agents to function as 
negative effectors in LCE-expressing cells), binding equilibrium constants (usually at least 
about 10 7 M 4 , preferably at least about 10 8 MT 1 , more preferably at least about 10 9 1VT 1 ), 

20 and immunogenicity (e.g. ability to elicit LCE specific antibody in a heterologous host 
such as a mouse, rat, goat or rabbit). For enzymes and receptors, binding may be assayed 
by, respectively, substrate and ligand processing. 

The screening assay may measure a candidate agent's ability to specifically bind to or 
modulate activity of a LCE polypeptide, a fusion protein thereof, or to cells or membranes 

25 bearing the polypeptide or fusion protein. The LCE polypeptide can be full length or a 

fragment thereof that retains functional LCE activity. The LCE polypeptide may be fused 
to another polypeptide, such as a peptide tag for detection or anchoring, or to another tag. 
The LCE polypeptide is preferably human LCE, or is an ortholog or derivative thereof as 
described above. In a preferred embodiment, the screening assay detects candidate agent- 

30 based modulation of LCE interaction with a binding target, such as an endogenous or 
exogenous protein or other substrate that has LCE -specific binding activity, and can be 
used to assess normal LCE gene function. 

Suitable assay formats that may be adapted to screen for LCE modulators are known in 
the art. Preferred screening assays are high throughput or ultra high throughput and thus 
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provide automated, cost-effective means of screening compound libraries for lead 
compounds (Fernandes PB, Curr Opin Chem Biol (1998) 2:597-603; Sundberg SA, Curr 
Opin Biotechnol 2000, 11:47-53). In one preferred embodiment, screening assays uses 
fluorescence technologies, including fluorescence polarization, time-resolved 
5 fluorescence, and fluorescence resonance energy transfer. These systems offer means to 
monitor protein-protein or DNA-protein interactions in which the intensity of the signal 
emitted from dye-labeled molecules depends upon their interactions with partner 
molecules (e.g., Selvin PR, Nat Struct Biol (2000) 7:730-4; Fernandes PB, supra; 
Hertzberg RP and Pope AJ, Curr Opin Chem Biol (2000) 4:445-451). 
10 A variety of suitable assay systems may be used to identify candidate LCE and p53 
pathway modulators (e.g. U.S. Pat. No. 6,020,135 (p53 modulation)). Specific preferred 
assays are described in more detail below. 



Elongase assays. Assays for elongases are well-known in the art. In one example, an 
15 elongation assay uses chromatographic (e.g., HPLC) analysis of labeled elongation 

products to assess LCE activity, Long chain fatty acids may be labeled with 14-C (Moon 
YA et al. (2001) J Biol Chem 276:45358-45366). Briefly, fatty acid elongation activity is 
measured in microsomes prepared from transfected cells. Fatty acyl-CoAs or BSA bound 
fatty acids may be used as substrates for the reactions. Substrate mixtures also include [2- 
20 14 C]malonyl-CoA. Elongation reactions are initiated when microsomal proteins and 

substrates are mixed. After termination of the reactions, fatty acids are collected, washed, 
and counted. Elongase activity is measured and expressed as the amount of radioactivity 
incorporated into the fatty acids. 

Apoptosis assays. Assays for apoptosis may be performed by terminal 
deoxynucleotidyl transferase-mediated digoxigenin-ll-dUTP nick end labeling (TUNEL) 
assay. The TUNEL assay is used to measure nuclear DNA fragmentation characteristic of 
apoptosis ( Lazebnik et a/., 1994, Nature 371, 346), by following the incorporation of 
fluorescein-dUTP (Yonehara et al, 1989, J. Exp. Med. 169, 1747). Apoptosis may further 
be assayed by acridine orange staining of tissue culture cells (Lucas, R., et al., 1998, Blood 
15:4730-41). An apoptosis assay system may comprise a cell that expresses an LCE, and 
that optionally has defective p53 function (e.g. p53 is over-expressed or under-expressed 
relative to wild-type cells). A test agent can be added to the apoptosis assay system and 
changes in induction of apoptosis relative to controls where no test agent is added, identify 
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candidate p53 modulating agents. In some embodiments of the invention, an apoptosis 
assay may be used as a secondary assay to test a candidate p53 modulating agents that is 
initially identified using a cell-free assay system. An apoptosis assay may also be used to 
test whether LCE function plays a direct role in apoptosis. For example, an apoptosis 
5 assay may be performed on cells that over- or under-express LCE relative to wild type 
cells. Differences in apoptotic response compared to wild type cells suggests that the LCE 
plays a direct role in the apoptotic response. Apoptosis assays are described further in US 
Pat No. 6,133,437. 



10 Cell proliferation and cell cycle assays. Cell proliferation may be assayed via 
bromodeoxyuridine (BRDU) incorporation. This assay identifies a cell population 
undergoing DNA synthesis by incorporation of BRDU into newly-synthesized DNA. 
Newly-synthesized DNA may then be detected using an anti-BRDU antibody (Hoshino et 
aU 1986, Int. J. Cancer 38, 369; Campana et al, 1988, J. Immunol. Meth. 107, 79), or by 

15 other means. 

Cell Proliferation may also be examined using [ 3 H]-thymidine incorporation (Chen,' J., 
1996, Oncogene 13:1395-403; Jeoung, J., 1995, J. Biol. Chem. 270:18367-73). This 
assay allows for quantitative characterization of S-phase DNA syntheses. In this assay, 
cells synthesizing DNA will incorporate [ 3 H]-thymidine into newly synthesized DNA. 
20 Incorporation can then be measured by standard techniques such as by counting of 
radioisotope in a scintillation counter (e.g., Beckman LS 3800 Liquid Scintillation 
Counter). 

Cell proliferation may also be assayed by colony formation in soft agar (Sambrook et 
al., Molecular Cloning, Cold Spring Harbor (1989)). For example, cells transformed with 
25 LCE are seeded in soft agar plates, and colonies are measured and counted after two 
weeks incubation. 

Involvement of a gene in the cell cycle may be assayed by flow cytometry (Gray JW et 
al. (1986) Int J Radiat Biol Relat Stud Phys Chem Med 49:237-55). Cells transfected with 
an LCE may be stained with propidium iodide and evaluated in a flow cy tometer 
30 (available from Becton Dickinson). 

Accordingly, a cell proliferation or cell cycle assay system may comprise a cell that 
expresses an LCE, and that optionally has defective p53 function (e.g. p53 is over- 
expressed or under-expressed relative to wild-type cells). A test agent can be added to the 
assay system and changes in cell proliferation or cell cycle relative to controls where no 
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test agent is added, identify candidate p53 modulating agents. In some embodiments of 
the invention, the cell proliferation or cell cycle assay may be used as a secondary assay to 
test a candidate p53 modulating agents that is initially identified using another assay 
system such as a cell-free assay system. A cell proliferation assay may also be used to test 
5 whether LCE function plays a direct role in cell proliferation or cell cycle. For example, a 
cell proliferation or cell cycle assay may be performed on cells that over- or under-express 
LCE relative to wild type cells. Differences in proliferation or cell cycle compared to wild 
type cells suggests that the LCE plays a direct role in cell proliferation or cell cycle. 

10 Angiogenesis. Angiogenesis may be assayed using various human endothelial cell 

systems, such as umbilical vein, coronary artery, or dermal cells. Suitable assays include 
Alamar Blue based assays (available from Biosource International) to measure 
proliferation; migration assays using fluorescent molecules, such as the use of Becton 
Dickinson Falcon HTS FluoroBlock cell culture inserts to measure migration of cells 

15 through membranes in presence or absence of angiogenesis enhancer or suppressors; and 
tubule formation assays based on the formation of tubular structures by endothelial cells 
on Matrigel® (Becton Dickinson). Accordingly, an angiogenesis assay system may 
comprise a cell that expresses an LCE, and that optionally has defective p53 function (e.g. 
p53 is over-expressed or under-expressed relative to wild-type cells). A test agent can be 

20 added to the angiogenesis assay system and changes in angiogenesis relative to controls 
where no test agent is added, identify candidate p53 modulating agents. In some 
embodiments of the invention, the angiogenesis assay may be used as a secondary assay to 
test a candidate p53 modulating agents that is initially identified using another assay 
system. An angiogenesis assay may also be used to test whether LCE function plays a 

25 direct role in cell proliferation. For example, an angiogenesis assay may be performed on 
cells that over- or under-express LCE relative to wild type cells. Differences in 
angiogenesis compared to wild type cells suggests that the LCE plays a direct role in 
angiogenesis. 

30 Hypoxic induction. The alpha subunit of the transcription factor, hypoxia inducible 
factor-1 (HEF-l), is upregulated in tumor cells following exposure to hypoxia in vitro. 
Under hypoxic conditions, HEF-l stimulates the expression of genes known to be 
important in tumour cell survival, such as those encoding glyolytic enzymes and VEGF. 
Induction of such genes by hypoxic conditions may be assayed by growing cells 
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transfected with LCE in hypoxic conditions (such as with 0.1% 02, 5% C02, and balance 
N2, generated in a Napco 7001 incubator (Precision Scientific)) and normoxic conditions, 
followed by assessment of gene activity or expression by Taqman®. For example, a 
hypoxic induction assay system may comprise a cell that expresses an LCE, and that 
5 optionally has a mutated p53 (e.g. p53 is over-expressed or under-expressed relative to 
wild-type cells). A test agent can be added to the hypoxic induction assay system and 
changes in hypoxic response relative to controls where no test agent is added, identify 
candidate p53 modulating agents. In some embodiments of the invention, the hypoxic 
induction assay may be used as a secondary assay to test a candidate p53 modulating 
10 agents that is initially identified using another assay system. A hypoxic induction assay 
may also be used to test whether LCE function plays a direct role in the hypoxic response. 
For example, a hypoxic induction assay may be performed on cells that over- or under- 
express LCE relative to wild type cells. Differences in hypoxic response compared to wild 
type cells suggests that the LCE plays a direct role in hypoxic induction. 

15 

Cell adhesion. Cell adhesion assays measure adhesion of cells to purified adhesion 
proteins, or adhesion of cells to each other, in presence or absence of candidate 
modulating agents. Cell-protein adhesion assays measure the ability of agents to modulate 
the adhesion of cells to purified proteins. For example, recombinant proteins are 

20 produced, diluted to 2.5g/mL in PBS, and used to coat the wells of a microtiter plate. The 
wells used for negative control are not coated. Coated wells are then washed, blocked 
with 1% BSA, and washed again. Compounds are diluted to 2x final test concentration 
and added to the blocked, coated wells. Cells are then added to the wells, and the unbound 
cells are washed off. Retained cells are labeled directly on the plate by adding a 

25 membrane-permeable fluorescent dye, such as calcein-AM, and the signal is quantified in 
a fluorescent microplate reader. 

Cell-cell adhesion assays measure the ability of agents to modulate binding of cell 
adhesion proteins with their native ligands. These assays use cells that naturally or 
recombinandy express the adhesion protein of choice. In an exemplary assay, cells 

30 expressing the cell adhesion protein are plated in wells of a multiwell plate. Cells 

expressing the ligand are labeled with a membrane-permeable fluorescent dye, such as 
BCECF , and allowed to adhere to the monolayers in the presence of candidate agents. 
Unbound cells are washed off, and bound cells are detected using a fluorescence plate 
reader. 
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High-throughput cell adhesion assays have also been described. In one such assay, 
small molecule ligands and peptides are bound to the surface of microscope slides using a 
microarray spotter, intact cells are then contacted with the slides, and unbound cells are 
washed off. In this assay, not only the binding specificity of the peptides and modulators 
5 against cell lines are determined, but also the functional cell signaling of attached cells 
using immunofluorescence techniques in situ on the microchip is measured (Falsey JR et 
al., Bioconjug Chem. 2001 May-Jun;12(3):346-53). 



Tubulogenesis. Tubulogenesis assays monitor the ability of cultured cells, generally 

10 endothelial cells, to form tubular structures on a matrix substrate, which generally 
simulates the environment of the extracellular matrix. Exemplary substrates include 
Matrigel™ (Becton Dickinson), an extract of basement membrane proteins containing 
laminin, collagen IV, and heparin sulfate proteoglycan, which is liquid at 4° C and forms a 
solid gel at 37° C. Other suitable matrices comprise extracellular components such as 

15 collagen, fibronectin, and/or fibrin. Cells are stimulated with a pro-angiogenic stimulant, 
and their ability to form tubules is detected by imaging. Tubules can generally be detected 
after an overnight incubation with stimuli, but longer or shorter time frames may also be 
used. Tube formation assays are well known in the art (e.g., Jones MK et al., 1999, Nature 
Medicine 5:1418-1423). These assays have traditionally involved stimulation with serum 

20 or with the growth factors FGF or VEGF. Serum represents an undefined source of 

growth factors. In a preferred embodiment, the assay is performed with cells cultured in 
serum free medium, in order to control which process or pathway a candidate agent 
modulates. Moreover, we have found that different target genes respond differently to 
stimulation with different pro-angiogenic agents, including inflammatory angiogenic 

25 factors such as TNF-alpa. Thus, in a further preferred embodiment, a tubulogenesis assay 
system comprises testing an LCE's response to a variety of factors, such as FGF, VEGF, 
phorbol myristate acetate (PMA), TNF-alpha, ephrin, etc. 

Cell Migration. An invasion/migration assay (also called a migration assay) tests the 
30 ability of cells to overcome a physical barrier and to migrate towards pro-angiogenic 
signals. Migration assays are known in the art (e.g., Paik JH et al., 2001, J Biol Chem 
276:11830-11837). In a typical experimental set-up, cultured endothelial cells are seeded 
onto a matrix-coated porous lamina, with pore sizes generally smaller than typical cell 
size. The matrix generally simulates the environment of the extracellular matrix, as 
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described above. The lamina is typically a membrane, such as the transwell polycarbonate 
membrane (Corning Costar Corporation, Cambridge, MA), and is generally part of an 
upper chamber that is in fluid contact with a lower chamber containing pro-angiogenic 
stimuli. Migration is generally assayed after an overnight incubation with stimuli, but 
5 longer or shorter time frames may also be used. Migration is assessed as the number of 
cells that crossed the lamina, and may be detected by staining cells with hemotoxylin 
solution (VWR Scientific, South San Francisco, CA), or by any other method for 
determining cell number. In another exemplary set up, cells are fluorescently labeled and 
migration is detected using fluorescent readings, for instance using the Falcon HTS 
10 FluoroBlok (Becton Dickinson). While some migration is observed in the absence of 
stimulus, migration is greatly increased in response to pro-angiogenic factors. As 
described above, a preferred assay system for migration/invasion assays comprises testing 
an LCE's response to a variety of pro-angiogenic factors, including tumor angiogenic and 
inflammatory angiogenic agents, and culturing the cells in serum free medium. 

15 

Sprouting assay. A sprouting assay is a three-dimensional in vitro angiogenesis 
assay that uses a cell-number defined spheroid aggregation of endothelial cells 
("spheroid"), embedded in a collagen gel-based matrix. The spheroid can serve as a 
starting point for the sprouting of capillary-like structures by invasion into the 

20 extracellular matrix (termed "cell sprouting") and the subsequent formation of complex 
anastomosing networks (Korff and Augustin, 1999, J Cell Sci 112:3249-58). In an 
exemplary experimental set-up, spheroids are prepared by pipetting 400 human umbilical 
vein endothelial cells into individual wells of a nonadhesive 96-well plates to allow 
overnight spheroidal aggregation (Korff and Augustin: J Cell Biol 143: 1341-52, 1998). 

25 Spheroids are harvested and seeded in 900/xl of methocel-collagen solution and pipetted 
into individual wells of a 24 well plate to allow collagen gel polymerization. Test agents 
are added after 30 min by pipetting 100 fil of 10-fold concentrated working dilution of the 
test substances on top of the gel. Plates are incubated at 37°C for 24h. Dishes are fixed at 
the end of the experimental incubation period by addition of paraformaldehyde. Sprouting 

30 intensity of endothelial cells can be quantitated by an automated image analysis system to 
determine the cumulative sprout length per spheroid. 
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Primary assays for antibody modulators 

For antibody modulators, appropriate primary assays test is a binding assay that tests 
the antibody's affinity to and specificity for the LCE protein. Methods for testing antibody 
affinity and specificity are well known in the art (Harlow and Lane, 1988, 1999, supra). 
5 The enzyme-linked immunosorbant assay (ELISA) is a preferred method for detecting 
LCE-specific antibodies; others include FACS assays, radioimmunoassays, and 
fluorescent assays. 

Primary assays for nucleic acid modulators 

10 For nucleic acid modulators, primary assays may test the ability of the nucleic acid 
modulator to inhibit or enhance LCE gene expression, preferably mRNA expression. In 
general, expression analysis comprises comparing LCE expression in like populations of 
cells (e.g., two pools of cells that endogenously or recombinantly express LCE) in the 
presence and absence of the nucleic acid modulator. Methods for analyzing mRNA and 

15 protein expression are well known in the art. For instance, Northern blotting, slot blotting, 
ribonuclease protection, quantitative RT-PCR (e.g., using the TaqMan®, PE Applied 
Biosystems), or microarray analysis may be used to confirm that LCE mRNA expression 
is reduced in cells treated with the nucleic acid modulator (e.g., Current Protocols in 
Molecular Biology (1994) Ausubel FM et aU eds., John Wiley & Sons, Inc., chapter 4; 

20 Freeman WM et al, Biotechniques (1999) 26: 1 12-125; Kallioniemi OP, Ann Med 2001, 
33:142-147; Blohm DH and Guiseppi-Elie, A Out Opin Biotechnol 2001, 12:41-47). 
Protein expression may also be monitored. Proteins are most commonly detected with 
specific antibodies or antisera directed against either the LCE protein or specific peptides. 
A variety of means including Western blotting, ELISA, or in situ detection, are available 

25 (Harlow E and Lane D, 1988 and 1999, supra). 

Secondary Assays 

Secondary assays may be used to further assess the activity of LCE-modulating agent 
identified by any of the above methods to confirm that the modulating agent affects LCE 
30 in a manner relevant to the p53 pathway. As used herein, LCE-modulating agents 
encompass candidate clinical compounds or other agents derived from previously 
identified modulating agent. Secondary assays can also be used to test the activity of a 
modulating agent on a particular genetic or biochemical pathway or to test the specificity 
of the modulating agent f s interaction with LCE. 

30 
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Secondary assays generally compare like populations of cells or animals (e.g., two 
pools of cells or animals that endogenously or recombinant^ express LCE) in the presence 
and absence of the candidate modulator. In general, such assays test whether treatment of 
cells or animals with a candidate LCE-modulating agent results in changes in the p53 
5 pathway in comparison to untreated (or mock- or placebo-treated) cells or animals. 

Certain assays use "sensitized genetic backgrounds", which, as used herein, describe cells 
or animals engineered for altered expression of genes in the p53 or interacting pathways. 

Cell-based assays 

10 Cell based assays may use a variety of mammalian cell lines known to have defective 
p53 function (e.g. SAOS-2 osteoblasts, H1299 lung cancer cells, C33A and HT3 cervical 
cancer cells, HT-29 and DLD-1 colon cancer cells, among others, available from 
American Type Culture Collection (ATCC), Manassas, VA). Cell based assays may 
detect endogenous p53 pathway activity or may rely on recombinant expression of p53 

15 pathway components. Any of the aforementioned assays may be used in this cell-based 
format. Candidate modulators are typically added to the cell media but may also be 
injected into cells or delivered by any other efficacious means. 



Animal Assays 

20 A variety of non-human animal models of normal or defective p53 pathway may be 

used to test candidate LCE modulators. Models for defective p53 pathway typically use 
genetically modified animals that have been engineered to mis-express (e.g., over-express 
or lack expression in) genes involved in the p53 pathway. Assays generally require 
systemic delivery of the candidate modulators, such as by oral administration, injection, 

25 etc. 

In a preferred embodiment, p53 pathway activity is assessed by monitoring 
neovascularization and angiogenesis. Animal models with defective and normal p53 are 
used to test the candidate modulator's affect on LCE in Matrigel® assays. Matrigel® is an 
extract of basement membrane proteins, and is composed primarily of laminin, collagen 
30 IV, and heparin sulfate proteoglycan. It is provided as a sterile liquid at 4° C, but rapidly 
forms a solid gel at 37° C. Liquid Matrigel® is mixed with various angiogenic agents, 
such as bFGF and VEGF, or with human tumor cells which over-express the LCE. The 
mixture is then injected subcutaneously(SC) into female athymic nude mice (Taconic, 
Germantown, NY) to support an intense vascular response. Mice with Matrigel® pellets 
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may be dosed via oral (PO), intraperitoneal (IP), or intravenous (IV) routes with the 
candidate modulator. Mice are euthanized 5 - 12 days post-injection, and the Matrigel® 
pellet is harvested for hemoglobin analysis (Sigma plasma hemoglobin kit). Hemoglobin 
content of the gel is found to correlate the degree of neovascularization in the gel. 

5 In another preferred embodiment, the effect of the candidate modulator on LCE is 
assessed via tumorigenicity assays. In one example, xenograft human tumors are 
implanted SC into female athymic mice, 6-7 week old, as single cell suspensions either 
from a pre-existing tumor or from in vitro culture. The tumors which express the LCE 
endogenously are injected in the flank, 1 x 10 5 to 1 x 10 7 cells per mouse in a volume of 

10 100 ixL using a 27gauge needle. Mice are then ear tagged and tumors are measured twice 
weekly. Candidate modulator treatment is initiated on the day the mean tumor weight 
reaches 100 mg. Candidate modulator is delivered IV, SC, IP, or PO by bolus 
administration. Depending upon the pharmacokinetics of each unique candidate 
modulator, dosing can be performed multiple times per day. The tumor weight is assessed. 

15 by measuring perpendicular diameters with a caliper and calculated by multiplying the 
measurements .of diameters in two dimensions. At the end of the experiment, the excised 
tumors maybe utilized for biomarker identification or further analyses. For 
immunohistochemistry staining, xenograft tumors are fixed in 4% paraformaldehyde, 
0.1M phosphate, pH 7.2, for 6 hours at 4°C, immersed in 30% sucrose in PBS, and rapidly 

20 frozen in isopentane cooled with liquid nitrogen. 



Diagnostic and therapeutic uses 

Specific LCE-modulating agents are useful in a variety of diagnostic and therapeutic 
applications where disease or disease prognosis is related to defects in the p53 pathway, 

25 such as angiogenic, apoptotic, or cell proliferation disorders. Accordingly, the invention 
also provides methods for modulating the p53 pathway in a cell, preferably a cell pre- 
determined to have defective p53 function, comprising the step of adnnnistering an agent 
to the cell that specifically modulates LCE activity. Preferably, the modulating agent 
produces a detectable phenotypic change in the cell indicating that die p53 function is 

30 restored, i.e., for example, the cell undergoes normal proliferation or progression through 
the cell cycle. 

The discovery that LCE is implicated in p53 pathway provides for a variety of 
methods that can be employed for the diagnostic and prognostic evaluation of diseases and 
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disorders involving defects in the p53 pathway and for the identification of subjects having 
a predisposition to such diseases and disorders. 

Various expression analysis methods can be used to diagnose whether LCE expression 
occurs in a particular sample, including Northern blotting, slot blotting, ribonuclease 
5 protection, quantitative RT-PCR, and microarray analysis, {e.g., Current Protocols in 
Molecular Biology (1994) Ausubel FM et al, eds., John Wiley & Sons, Inc., chapter 4; 
Freeman WM et al 9 Biotechniques (1999) 26:112425; Kallioniemi OP, Ann Med 2001, 
33:142-147; Blohm and Guiseppi-Elie, Curr Opin Biotechnol 2001, 12:41-47). Tissues 
having a disease or disorder implicating defective p53 signaling that express an LCE, are 

10 identified as amenable to treatment with an LCE modulating agent. In a preferred 

application, the p53 defective tissue overexpresses an LCE relative to normal tissue. For 
example, a Northern blot analysis of mRNA from tumor and normal cell lines, or from 
tumor and matching normal tissue samples from the same patient, using full or partial LCE 
cDNA sequences as probes, can determine whether particular tumors express or 

15 overexpress LCE. Alternatively,the TaqMan® is used for quantitative RT-PCR analysis 
of LCE expression in cell lines, normal tissues and tumor samples (PE Applied 
Biosy stems). 

Various other diagnostic methods may be performed, for example, utilizing reagents 
such as the LCE oligonucleotides, and antibodies directed against an LCE, as described 

20 above for: (1) the detection of the presence of LCE gene mutations, or the detection of 
either over- or under-expression of LCE mRNA relative to the non-disorder state; (2) the 
detection of either an over- or an under-abundance of LCE gene product relative to the 
non-disorder state; and (3) the detection of perturbations or abnormalities in the signal 
transduction pathway mediated by LCE. 

25 Thus, in a specific embodiment, the invention is drawn to a method for diagnosing a 

disease in a patient, the method comprising: a) obtaining a biological sample from the 
patient; b) contacting the sample with a probe for LCE expression; c) comparing results 
from step (b) with a control; and d) determining whether step (c) indicates a likelihood of 
disease. Preferably, the disease is cancer, most preferably a cancer as shown in TABLE 1. 

30 The probe may be either DNA or protein, including an antibody. 

EXAMPLES 

The following experimental section and examples are offered by way of illustration 
and not by way of limitation. 
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I. Drosophila d53 screen 
The Drosophila p53 gene was overexpressed specifically in the wing using the 
vestigial margin quadrant enhancer. Increasing quantities of Drosophila p53 (titrated 
using different strength transgenic inserts in 1 or 2 copies) caused deterioration of normal 
5 wing morphology from mild to strong, with phenotypes including disruption of pattern and 
polarity of wing hairs, shortening and thickening of wing veins, progressive crumpling of 
the wing and appearance of dark "death" inclusions in wing blade. In a screen designed to 
identify enhancers and suppressors of Drosophila p53, homozygous females carrying two 
copies of p53 were crossed to 5663 males carrying random insertions of a piggyBac 

10 transposon (Fraser M et al, Virology (1985) 145:356-361). Progeny containing insertions 
were compared to non-insertion-bearing sibling progeny for enhancement or suppression 
of the p53 phenotypes. Sequence information surrounding the piggyBac insertion site was 
used to identify the modifier genes. Modifiers of the wing phenotype were identified as 
members of the p53 pathway, baldspot was an enhancer of the wing phenotype. Human 

15 orthologs of the modifiers are referred to herein as LCE. 

BLAST analysis (Altschul et al., supra) was employed to identify Targets from 
Drosophila modifiers. [For example, representative sequences from LCE, GI#s 10444345, 
13129088, 12232379, and 17454617 (SEQ ID NOs:9, 11, 14, and 16, respectivley) share 
45%, 48%, 25%, and 41% amino acid identity, respectively, with the Drosophila.bdldspoL 

20 Various domains, signals, and functional subunits in proteins were analyzed using the 
PSORT (Nakai K., and Horton P., Trends Biochem Sci, 1999, 24:34-6; Kenta Nakai, 
Protein sorting signals and prediction of subcellular localization, Adv. Protein Chem. 54, 
277-344 (2000)), PFAM (Bateman A., et al., Nucleic Acids Res, 1999, 27:260-2; 
http://pfam.wustl.edu), SMART (Ponting CP, et al., SMART: identification and annotation 

25 of domains from signaling and extracellular protein sequences. Nucleic Acids Res. 1999 
Jan 1 ;27(l):229-32), TM-HMM (Erik L.L. Sonnhammer, Gunnar von Heijne, and Anders 
Krogh: A hidden Markov model for predicting transmembrane helices in protein 
sequences. In Proc. of Sixth Int. Conf . on Intelligent Systems for Molecular Biology, p 
175-182 Ed J. Glasgow, T. Littlejohn, F. Major, R. Lathrop, D. Sankoff, and C. Sensen 

30 Menlo Park, CA: AAAI Press, 1998), and clust (Remm M, and Sonnhammer E. 

Classification of transmembrane protein families in the Caenorhabditis elegans genome 
and identification of human orthologs. Genome Res. 2000 Nov;10(l 1): 1679-89) programs. 
Using PFAM, GNS1/SUR4 domain (PFAM 01151) of LCE from GI#s 10444345, 
13129088, 12232379, and 17454617 (SEQ ID NOs:9, 11, 14, and 16, respectively) are 
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located respectively at approximately amino acid residues 1-235, 10 to 265, 9 to 289, and 
55 to 270. Further, using TM-HMM, GW 10444345 (SEQ ID NO:9) has 7 transmembrane 
domains with start and end amino acids of (4,21) (26,48) (52,74) (81,103) (131,153) 
(166,188) (203,225); G» 13129088 (SEQ ID NO:ll) has 6 transmembrane domains with 
5 start and end coordinates of (34,51) (66,88) (137,156) (161,183) (195,217) (232,254); 
GI#12232379 (SEQ ID NO: 14) has 7 transmembrane domains with start and end 
coordinates of (47,64) (77,99) (125,147) (154,173) (183,205) (217,239) (249,267); and 
GI#17454617 (SEQ ID NO:16) has 7 transmembrane domains with start and end 
coordinates of (33,55) (60,82) (86,108) (115,137) (165,187) (200,222) (237,259). 

10 

n. Hi gh-Throu gh put In Vitro Fluorescence Polariza tion Assay 
Fluorescently-labeled LCE peptide/substrate are added to each well of a 96-well 
microliter plate, along with a test agent in a test buffer (10 mM HEPES, 10 mM NaCl, 6 
mM magnesium chloride, pH 7.6). Changes in fluorescence polarization, determined by 
1 5 using a Fluorolite FPM-2 Fluorescence Polarization Microtiter System (Dynatech 

Laboratories, Inc), relative to control values indicates the test compound is a candidate 
modifier of LCE activity. 



m. High-Throughput In Vitro Binding Assay. 

20 33 P-labeled LCE peptide is added in an assay buffer (100 mM KCL 20 mM HEPES pH 
7.6, 1 mM MgCl 2 , 1% glycerol, 0.5% NP-40, 50 mM beta-mercaptoethanol, 1 mg/ml 
BSA, cocktail of protease inhibitors) along with a test agent to the wells of a Neutrahte- 
avidin coated assay plate and incubated at 25°C for 1 hour. Biotinylated substrate is then 
added to each well and incubated for 1 hour. Reactions are stopped by washing with PBS, 

25 and counted in a scintillation counter. Test agents that cause a difference in activity 
relative to control without test agent are identified as candidate p53 modulating agents. 

IV. Tmmnno precipitations Tmm unoblotting 

For coprecipitation of transfected proteins, 3 x 10 6 appropriate recombinant cells 
30 containing the LCE proteins are plated on 10-cm dishes and transfected on the following 
day with expression constructs. The total amount of DNA is kept constant in each 
transfection by adding empty vector. After 24 h, cells are collected, washed once with 
phosphate-buffered saline and lysed for 20 min on ice in 1 ml of lysis buffer containing 50 
mM Hepes, pH 7.9, 250 mM NaCl, 20 mM -glycerophosphate, 1 mM sodium 

35 



WO 02/099068 PCT/US02/17739 

orthovanadate, 5 mM p-nitrophenyl phosphate, 2 mM dithiothreitol, protease inhibitors 
(complete, Roche Molecular Biochemicals), and 1% Nonidet P-40. Cellular debris is 
removed by centrifugation twice at 15,000 x g for 15 min. The cell lysate is incubated 
with 25 til of M2 beads (Sigma) for 2 h at 4 °C with gende rocking. 

5 After extensive washing with lysis buffer, proteins bound to the beads are solubilized 
by boiling in SDS sample buffer, fractionated by SDS-polyacrylamide gel electrophoresis, 
transferred to polyvinylidene difluoride membrane and blotted with the indicated 
antibodies. The reactive bands are visualized with horseradish peroxidase coupled to the 
appropriate secondary antibodies and the enhanced chemUuminescence (ECL) Western 

10 blotting detection system (Amersham Pharmacia Biotech). 

V. Expression analysis 

All cell lines used in the following experiments are NCI (National Cancer Institute) 
lines, and are available from ATCC (American Type Culture Collection, Manassas, VA 
15 20110-2209). Normal and tumor tissues were obtained from Lnpath, UC Davis, Clontech, 
Stratagene, and Ambion. 

TaqMan analysis was used to assess expression levels of the disclosed genes in various 

samples. 

RNA was extracted from each tissue sample using Qiagen (V alencia, CA) RNeasy 
20 kits, following manufacturer's protocols, to a final concentration of 50ng/ul. Single 
stranded cDNA was then synthesized by reverse transcribing the RNA samples using 
random hexamers and 500ng of total RNA per reaction, following protocol 4304965 of 
Applied Biosystems (Foster City, CA, htt p://www.a pp1iedbiosvstems.com/ ). 

Primers for expression analysis using TaqMan assay (Applied Biosystems, Foster City, 
25 CA) were prepared according to the TaqMan protocols, and the following criteria: a) 
primer pairs were designed to span introns to eliminate genomic contamination, and b) 
each primer pair produced only one product. 

Taqman reactions were carried out following manufacturer's protocols, in 25 ul total 
volume for 96-well plates and 10 ul total volume for 384-well plates, using 300nM primer 
30 and 250 nM probe, and approximately 25ng of cDNA. The standard curve for result 

analysis was prepared using a universal pool of human cDNA samples, which is a mixture 
of cDNAs from a wide variety of tissues so that the chance that a target will be present in 
appreciable amounts is good. The raw data were normalized using 18S rRNA (universally 
expressed in all tissues and cells). 
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For each expression analysis, tumor tissue samples were compared with matched 
normal tissues from the same patient. A gene was considered overexpressed in a tumor 
when the level of expression of the gene was 2 fold or higher in the tumor compared with 
its matched normal sample. In cases where normal tissue was not available, a universal 
5 pool of cDNA samples was used instead. In these cases, a gene was considered 

overexpressed in a tumor sample when the difference of expression levels between a 
tumor sample and the average of all normal samples from the same tissue type was greater 
than 2 times the standard deviation of all normal samples (i.e., Tumor - average(all normal 
samples) > 2 x STDEV(all normal samples) ). 

10 Results are shown in Table 1. Data presented in bold indicate that greater than 50% of 
tested tumor samples of the tissue type indicated in row 1 exhibited over expression of the 
gene listed in col umn 1, relative to normal samples. Underlined data indicates that 
between 25% to 49% of tested tumor samples exhibited over expression. A modulator 
identified by an assay described herein can be further validated for therapeutic effect by 

15 administration to a tumor in which the gene is overexpressed. A decrease in tumor growth 
confirms therapeutic utility of the modulator. Prior to treating a patient with the 
modulator, the likelihood that the patient will respond to treatment can be diagnosed by 
obtaining a tumor sample from the patient, and assaying for expression of the gene 
targeted by the modulator. The expression data for the gene(s) can also be used as a 

20 diagnostic marker for disease progression. The assay can be performed by expression 
analysis as described above, by antibody directed to the gene target, or by any other 
available detection method. 



Table 1 
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Gl#10440044 (SEQ ID NO:4) 
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9 


14 




3 
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25 

VI. Loss of function of the Drosovhila CIG30/LCE gene is associated with tracheal 
defects 

Genetic screens were designed to identify modifiers of branching morphogenesis in 
Drosophila. Briefly, Drosophila embryos (approximately stage 16) that were homozygous 
30 for lethal insertions of a piggyBac (Fraser M et al., Virology (1985) 145:356-361) or P- 
element transposon were screened for tracheal defects using monoclonal antibody 2A12 
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(Samakovlis C, et al., Development (1996) 122:1395-1407; Patel NH. (1994) Practical 
Uses in Cell and Molecular Biology. Eds LSB Goldstein and EA Eryberg. Vol 44 pp446- 
488. San Diego Academic Press). Sequence information surrounding the transposon 
insertion site was used to identify the gene mutated by the insertion. The homozygous 
5 disruption of the Drosophila CIG30 (baldspot) gene was identified as associated with 
tracheal defects. 

VII. Loss of function of a zebrafish LCEs is associated with branching m orphogenesis 
defects 

10 Using antisense technologies, we identified vasculature defects associated with loss- 
of-function of the zebrafish (Danio rerio) LCE that we have designated DrCIG30L4, 
whose nucleic acid and polypeptide sequences are presented, respectively, in SEQ ID 
NO:7and SEQ ID NO: 15. We have identified ten candidate zebrafish LCE genes. Of 
these, four were tested for involvement in angiogenesis using essentially the following 

15 methods. Wild type, one-cell stage embryos from the Tubingen strain were treated with 
antisense morpholino oligonucleotide (PMOs) that targeted predicted zebrafish genes. 
PMOs were dissolved in injection buffer (0.4 mM MgS0 4 , 0.6 mM CaCl 2 , 0,7 mM KC1, 
58 mM NaCl, 25 mM Hepes [pH 7,6]), and 2-8 ng was injected into zebrafish embryos at 
the l-cell stage. 

20 Larvae were fixed at 4 days post fertilization (dpf) in 4% para-formaldehyde in 

phosphate-buffered saline (PBS) for 30 minutes. Fixed larvae were dehydrated in 
methanol and stored over night at -20°C. After permeabilization in acetone (30 minutes at 
-20°C), embryos were washed in PBS and incubated in the staining buffer (100 mM Tris- 
HC1 [pH 9.5], 50mM MgCl 2 , lOOmM NaCl, 0.1% Tween-20) for 45 minutes. Staining 

25 reaction was started by adding 2.25 jxl nitro blue tetrazolium (NBT, Sigma) and 1.75 \)1 5- 
bromo-4-chloro-3-indolyl phosphate (BCIP, Sigma) per ml of staining buffer (stock 
solutions: 75 mg/ml NBT in 70% N,N-dimethylformamide, 50 mg/ml BCIP in N,N- 
dimethylf ormamide) . 

The fixed specimens were scanned for changes in blood vessel formation. Treatment 
30 of embryos with a PMO corresponding to the complement of nucleotides 692-712 of SEQ 
ID NO:7 (nucleotide sequence), produced a dose-dependant block of vasculogenesis and 
angiogenesis. Following injection of 2ng of the PMO, the intersegmental vessels (ISV) 
were disrupted; at 4ng of the PMO, the loss of ISV was much more severe. Following 
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injection of 8ng of PMO, the loss of blood vessels is more severe with few ISV and the 
subintestinal vein (SIV) was almost complete disrupted. 



VIE. ELOVL4 is an angiogenesis gene 

Based on analysis of the zebrafish DrCIG30L4, we have identified ELOVL4 as an 
angiogenesis gene. We used computation analysis, specifically BLAST, Smith- 
Waterman, and CLUSTALW analysis, to identify human ELOVL4 ("HsELOVL4,"GI#s 
12044043 and 12232379, SEQ ID NOs:13 and 14) as the ortholog of DrCIG30L4. The 
Drosophila CIG30 protein sequence was BLASTed against a Homo sapiens amino acid 
sequence database to identify the family of CIG30 and ELOV (fatty acid elongases). The 
Homo sapiens sequences were similarly used to BLAST analyze the available zebrafish 
amino acid sequences bom from public databases as well as our internal sequence 
databases. Initially, four zebrafish homologs to the CIG30/ELOV family were identified. 
To reassess the orthology of the DrCIG30L4 and other zebrafish orthologs, these were 
BLAST analyzed individually against the Homo sapiens amino acid sequence database. In 
the case of DrCIG30L4, the top "hit" was Homo sapiens ELOVL4. Homo sapiens 
ELOVL4 amino acid sequence was then used to BLAST against the zebrafish amino acid 
sequence database; the DrCIG30L4 sequence was the mutual best "hit". ClustalW 
alignment and phylogenetic analysis of the zebrafish CIG30/ELOV family also showed 
that HsELOVL4 and DrCIG30L4 are most closely related. 

Without intent to be limiting, we have contemplated links between ELOVL4 and 
branching morphogenesis. As described above, ELOVL4 is associated with Autosomal 
Dominant Stargardt-like Macular Dystrophy (STDG3). While a direct link between 
STGD3, ELOVL4 and angiogenesis has not been made, the PMO results in zebrafish 
suggest a possible causal link between a defect in blood vessel formation and the 
phenotypes associated with STGD3. 

Thus, we have identified ELOVE4 as an attractive drug target for the treatment of 
pathologies associated with branching morphogenesis, such as angiogenesis, particularly 
pathologies that are also associated with defective p53 signaling. 
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WHAT IS CLAIMED IS: 

1 . A method of identifying a candidate p53 pathway modulating agent, said method 
comprising the steps of: 

5 (a) providing an assay system comprising a purified LCE polypeptide or nucleic 

acid or a functionally active fragment or derivative thereof; 

(b) contacting the assay system with a test agent under conditions whereby, but for 
the presence of the test agent, the system provides a reference activity; and 

(c) detecting a test agent-biased activity of the assay system, wherein a difference 
10 between the test agent-biased activity and the reference activity identifies the test agent as 

a candidate p53 pathway modulating agent. 

2. The method of Claim 1 wherein the assay system comprises cultured cells that 
express the LCE polypeptide. 

15 

3. The method of Claim 2 wherein the cultured cells additionally have defective p53 
function. 

4. The method of Claim 1 wherein the assay system includes a screening assay 

20 comprising a LCE polypeptide, and the candidate test agent is a small molecule modulator. 

5. The method of Claim 4 wherein the assay is a binding assay. 

6. The method of Claim 1 wherein the assay system is selected from the group 

25 consisting of an apoptosis assay system, a cell proliferation assay system, an angiogenesis 
assay system, and a hypoxic induction assay system. 

7. The method of Claim 1 wherein the assay system includes a binding assay 
comprising a LCE polypeptide and the candidate test agent is an antibody. 

30 

8. The method of Claim 1 wherein the assay system includes an expression assay 
comprising a LCE nucleic acid and the candidate test agent is a nucleic acid modulator. 
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9. The method of claim 8 wherein the nucleic acid modulator is an antisense 
oligomer. 



10. The method of Claim 8 wherein the nucleic acid modulator is a PMO. 

11. The method of Claim 1 additionally comprising: 

(d) administering the candidate p53 pathway modulating agent identified in (c) to a 
model system comprising cells defective in p53 function and, detecting a phenotypic 
change in the model system that indicates that the p53 function is restored. 

12. The method of Claim 1 1 wherein the model system is a mouse model with 
defective p53 function. 

13. A method for modulating a p53 pathway of a cell comprising contacting a cell 
defective in p53 function with a candidate modulator that specifically binds to a LCE 
polypeptide comprising an amino acid sequence selected from group consisting of SEQ ED 
NOs:9, 10, 11, 12, 13, 14, 15, and 16, whereby p53 function is restored. 

14. The method of claim 13 wherein the candidate modulator is administered to a 
vertebrate animal predetermined to have a disease or disorder resulting from a defect in 
p53 function. 

15. The method of Claim 13 wherein the candidate modulator is selected from the 
group consisting of an antibody and a small molecule. 

16. The method of Claim 1, comprising the additional steps of: 

(d) providing a secondary assay system comprising cultured cells or a non-human 
animal expressing LCE , 

(e) contacting the secondary assay system with the test agent of (b) or an agent 
derived therefrom under conditions whereby, but for the presence of the test agent or agent 
derived therefrom, the system provides a reference activity; and 

(f) detecting an agent-biased activity of the second assay system, 
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wherein a difference between the agent-biased activity and the reference activity of the 
second assay system confirms the test agent or agent derived therefrom as a candidate p53 
pathway modulating agent, 

and wherein the second assay detects an agent-biased change in the p53 pathway. 

17. The method of Claim 16 wherein the secondary assay system comprises cultured 
cells. 

18. The method of Claim 16 wherein the secondary assay system comprises a non- 
human animal. 

19. The method of Claim 18 wherein the non-human animal mis-expresses a p53 
pathway gene. 

20. A method of modulating p53 pathway in a mammalian cell comprising contacting 
the cell with an agent that specifically binds a LCE polypeptide or nucleic acid. 

21. The method of Claim 20 wherein the agent is administered to a mammalian animal 
predetermined to have a pathology associated with the p53 pathway. 

22. The method of Claim 20 wherein the agent is a small molecule modulator, a 
nucleic acid modulator, or an antibody. 

23 . A method for diagnosing a disease in a patient comprising: 

(a) obtaining a biological sample from the patient; 

(b) contacting the sample with a probe for LCE expression; 

(c) comparing results from step (b) with a control; 

(d) determining whether step (c) indicates a likelihood of disease. 

24. The method of claim 23 wherein said disease is cancer. 

25. The method according to claim 24, wherein said cancer is a cancer as shown in 
Table 1 as having >25% expression level. 
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26. A method of identifying a candidate branching morphogenesis modulating agent, 
said method comprising the steps of: 

(a) providing an assay system comprising an ELOVL4 polypeptide or nucleic acid; 

(b) contacting the assay system with a test agent under conditions whereby, but for 
5 the presence of the test agent, the system provides a reference activity; and 

(c) detecting a test agent-biased activity of the assay system, wherein a difference 
between the test agent-biased activity and the reference activity identifies the test agent as 
a candidate branching morphogenesis modulating agent. 

10 27. The method of Claim 26 wherein the assay system comprises cultured cells or a 
non-human animal expressing ELOVL4, 

and wherein the assay system includes an assay that detects an agent-biased change in 
branching morphogenesis. 

15 28. The method of Claim 27 wherein the branching morphogenesis is angiogenesis. 

29. The method of Claim 27 wherein the assay system comprises cultured cells and 
wherein the assay d&tects an event selected from the group consisting of cell proliferation, 
cell cycling, apoptosis, tubulogenesis, cell migration, cell sprouting and response to 

20 hypoxic conditions. 

30. The method of Claim 27 wherein the assay system comprises a non-human animal 
and wherein the assay system includes a matrix implant (Matrigel) assay or a xenograft 
assay. 

25 

31. The method of Claim 26, comprising the additional steps of: 

(d) providing a second assay system comprising cultured cells or a non-human 
animal expressing ELOVL4, 

(e) contacting the second assay system with the test agent of (b) or an agent 

30 derived therefrom under conditions whereby, but for the presence of the test agent or agent 
derived therefrom, the system provides a reference activity; and 

(f) detecting an agent-biased activity of the second assay system, 
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wherein a difference between the agent-biased activity and the reference activity of the 
second assay system confirms the test agent or agent derived therefrom as a candidate 
branching morphogenesis modulating agent, 

and wherein the second assay system includes a second assay that detects an agent-biased 
5 change in an activity associated with branching morphogenesis. 

32. A method of modulating branching morphogenesis in a mammalian cell 
comprising contacting the cell with an agent that specifically binds an ELOVL4 
polypeptide or nucleic acid. 

10 
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SEQUENCE LISTING 

<110> EXELIXIS, INC. 

<120> LCEs AS MODIFIERS OF THE p53 PATHWAY AND METHODS OF USE 

<130> EX02-085C-PC 

<150> US 60/296,076 

<151> 2001-06-05 

<150> US 60/328,605 

<151> 2001-10-10 

<150> US 60/357,253 

<151> 2002-02-15 

<150> US 60/361,196 

<151> 2002-03-01 

<160> 16 

<170> Patentln version 3.1 

<210> 1 

<211> 7094 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<222> (7004) . . (7004) 



<223> "n w 


is A, C, G. 


or T 




<400> 1 
ttccggcagt 


ggctcatgfcc 


fcgtaatctca gcactttggg aagctgaagt gggcagatca 


60 


cttgaggtca 


ggagttcaag 


tactagcctg gccaacatgg cgaaaactgt ctctactaaa 


120 


agcacaaaaa 


ttagcaaggc 


gtggtggcac acatctgtag tcccagcact caggggactg 


180 


aggtacgaga 


atcgcttgaa 


ctcaggaggc agaggttgcg gtgagccaag atcaggccac 


240 


tgcactccag 


cctgggcgac 


agagcaagac tctgtctcat aataaaaaat tttaaaaaat 


300 


agacatagtc 


cctgcattca 


tggagctcaa gaactagtag gaaaaacagg cattgatcaa 


360 


gaaatcacaa 


aaacaactaa 


ttataaactc tcactgaaga aaagaaatac catgctctga 


420 


gaacagttta 


tataaaataa 


gggtaccaga ccaagtccaa gggtcaagga atgtttcctc 


480 


tagaatataa 


tttctgaaga 


tttttcctct tcttttttct tttttgagac agagtctcgc 


540 


tctgttgccc 


aggctggagt 


gcagtgacac aatctctgct cagtgcaacc cacgcctgcc 


600 


agattcaagc 


aattctccct 


gcctcagcct gccaagtagc tggaattaca ggtatccgcc 


660 


actacaccta 


gctaattttt 


gtatttttag tggagatggg gtttcaccat gtgggccagg 


720 


ctggtcttga 


actcctgacc 


tcaggtgatc tgcccacctc agcctcccaa agtgctggga 
1 
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t aac acrcrc cr t 


aacrccactcrc 


acctagcttt 


tgtcacccag 


actacraatcrc 

3 w *■* 53 59 ~*53 to a w 


agtggtgtga 


tgcagccttg 


acctccctgg 


ctcaagtgat 


c c acacrcrt cr cr 


gcgctaccat 


gcccagctaa 


accatcrttcrc 


ccaagctcrgt 


ctcaaattcc 


cctacagtac 


tgggattaca 


ggcgtgagcc 


cctctfcccac 


atacacctcc 


tccaagcctc 


taaatatctt 


cacagagaaa 


tccaggactg 


ctcccataat 


gattcacctt 


gccatttcca 


C! a t ha t c t crcr 


ettgeatact 


aatcacaacc 


tcrcatttttt 


tc t gaagtag 


aatgtgacaa 


ctcattaatg 


ggggtgctgg 


gacttgaact 


cfctgtaatafc 


tcattctttt 


atttattcat 


aattacrctcrt 


caggctafcat 


atggagccat 


tttttttttcr 


agaeggagtc 


tcactctgtc 


tgctcactgc 


aagctctgcc 


tcccaggttc 


acre tcrcrcrac t 


acaggcgcct 


gccaccacgc 


a c crcrcrcT 1 1 1 cr 


acagtgttag 


ccaggatggt 


ctcggcctcc 


caaggtgctg 


ggattacagg 


aaggttttta 


agcaggaaag 


cagagctgtt 


ttccaagtac 


agtctgagac 


aacctatagg 


tctggtaatc 


agecaggtat 


aggaactctt 


cactgfcatta 


craCTaaacracrcr 


cagtgcaacc 


crtacacracrac 


aaagagatgc 


acttttgagt 


acaccctcgc 


atagacagtg 


gctgaggttc 


cctctggcfcc 


tagagcttta 


ctgeacatag 


ttttatatct 


atgtttctta 


geaefcttttg 


aagccttgta 


tttctccttc 


gctttcataa 


taaaactttt 


aaaagtttta 


gaacatttat 


gaagtagatt 


tggttaggga 


gagaaaacaa 


cctccctaaa 


ccctaagagg 


cctccaggaa 
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tttttttttt 


tttgagacag 


agtctcactc 


840 


tcacagctca 


gtggcacgat 


cacagctcac 


900 


cctccctcct 


cagtccctga 


gtagctggga 


960 


tttttgtact 


ttttgtagag 


atggattttc 


1020 


tgggctcaag 


caatcccccc 


acctcagctt 


1080 


accgtgccca 


gccccgagtg 


ttcttctttc 


1140 


accattaaac 


ctcacaggga 


aagacaatgt 


1200 


agtatatatt 


ctccatatgc 


acttgtaaac 


1260 


tgtgtctagt 


ccacaatatc 


attttatcta 


1320 


ttgtgacata 


ageaggegag 


tatgactata 


1380 


aggctaggta 


acttgectaa 


aatcacatgg 


1440 


tgggtcttgt 


aagacctaga 


tggcattatt 


1500 


tcatccatag 


acatgtattg 


atcacctttt 


1560 


caggaaccac 


tgaaggtttt 


tttttttttt 


1620 


acccaggctg 


gagtgcagtg 


gcacgatctc 


1680 


acgccattct 


cctgcctcag 


cctcccgagt 


1740 


ceggctaatt 


ttttgtattt 


tttagtagag 


1800 


ctcgatctcc 


tgacctcatg 


atctgcccgc 


1860 


cgtgaaccac 


cgtgcccggc 


cgaaccactg 


1920 


ttctggatga 


gcaaacagaa 


agtagtggtt 


1980 


accagaatct 


ctgcagttga 


ggctcaggaa 


2040 


ttctgattgc 


aatgcagtga 


agagcagaag 


2100 


aggtaaegtg 


accaggtgag 


aagtgatgag 


2160 


cacttagatg 


gcactgatag 


gacttccact 


2220 


aggaaataga 


gctggggttc 


ctacttggat 


2280 


ccatttatac 


ccacatcttg 


attttaatta 


2340 


caaatttcca 


ccttatctca 


aactgccctc 


2400 


aacctaggaa 


agaaataagg 


gaeagecaag 


2460 


ttctttgggg 


c u gg I- L. O.G O.C 


cty y v^y cxy excxa. 


2520 


caggecttgg 


ggagatacac 


tggctctccc 


2580 


acctgaagac 


aataattcca 


gaageccaga 


2640 
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gggtgacccc atttcctctc tccatggtta 
caggaaacta taaagaaacc acaacagcct 
caacaataaa actccttaaa attcatctcc 
ctaggaggtg gaagggacta cagaagctct 
aggcctgggt ttcccaggat ctcagggagc 
gagcaccaaa gcctaaggac acctttcctc 
agcaaaccga ggcaaaggcc acggttgaca 
atggggtgga cgttttacgg gagaaaaggc 
gggacttggg gcggggtgtg cgaaacgcct 
gaatgcggac tgcgtcccag gggcggagca 
gcggggcgca ggaaagaggt cgcgccagcc 
atatcgcagt ggctgcgccc gggatagctg 
acgccctcct ccctttgccc aggagttcct 
aggttcacgc catcctcgga gccccagcct 
gacttctgca aaactagatg gtcacagcca 
tccagcccta taacttcgag ctgtccaagg 
gagactttgg gagagggaaa ggccatgcca 
cattgaatgc ccacaatgat tttcttacag 
ttcacactac ctttgtccga ggtgcaggta 
aaagcaagca agcagaaata agaggatgag 
agagcgtgta gtgagaaggg tcttggaggc 
cttccccgtc ctttgtggct gtgtgtgcgc 
cagcctgccc tttacaatta tcccatcgtt 
gaaggaggcg aagtcagaga gctcttccaa 
ccttaaagct ccccagaggt tttggaggct 
ccagccaggg agaagctatt gccacattct 
gagccccaac cagggagaag ctattgccac 
taggcgcggg ccagacagcc gtcacccacc 
gaaaccttgg acatagctcc tgccctgtgc 
gagagatgta gtattcgcgc tctacaaatg 
tttttccaat gtcacatagc tagtaagtgg 
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ttactgtcag 


tctggagcag 


ttcaggaatt 


2700 


caacaaccca 


aacatcaaca 


tcaacaacct 


2760 


ttccacccac 


tcacaaccgc 


agactcgaag 


2820 


gcgttgccca 


ggttagtatt 


tgctcatcac 


2880 


ctggaaactg 


acgcchccat 


ttctgggtgg 


2940 


tctcttcact 


gctaagcagg 


tcaagattaa 


3000 


gttccaaggg 


aacccgcaag 


gccgcacagg 


3060 


tggggaagtg 


ggcgggcgat 


ggcctacgac 


3120 


ggcaggcggg 


cccttgagta 


tgaccaatca 


3180 


gaggcgtatc 


ttggtcgaga 


ttggatagcg 


3240 


cgggcaggca 


gctttgcaag 


tccgcgttat 


3300 


gctgcgccgc 


cgcgcacatg 


cctaggttcg 


3360 


tctgtcccgg 


ctctgttccg 


tctcgccccg 


3420 


ttcacccagc 


gcctccaagc 


tttggacctt 


3480 


tgaatgtctc 


acatgaagta 


aatcagctgt 


3540 


acatgaggcc 


ctttttcgag 


gagtattggt 


3600 


gggccccggg 


gccggggcgc 


gagggggtgg 


3660 


agcagagtta 


tgggactccc 


ttgtactggc 


3720 


gtatgtggca 


cctcaaagag 


attagagctg 


3780 


ggagaacgtg 


gaaatataca 


gaagtcaaag 


3840 


gtgaggttga 


tctgaagcct 


tactagatga 


3900 


gcgtgtgtgc 


acagtgcagg 


gcccggggga 


3960 


ccccaggtgc 


tccaccgttc 


ctgctgtgga 


4020 


gctttcccca 


ggaagagctc 


tctggctttg 


4080 


gactttatgc 


tccaaccaat 


ttgccatacc 


4140 


fccttacgcca 


cagccctggt 


atgcttctag 


4200 


acttcttaca 


ccacagccct 


gggctgcttc 


4260 


tctaacccca 


ctgagagagc 


aataatcaca 


4320 


tagatacttt 


gtatacgtta 


atacccccag 


4380 


aggaagccaa 


ggctcagaga 


attaagttgg 


4440 


cagaactggg 


actccaaccc 


agagcactca 


4500 
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cc hacracracra 


tgagtgggca 


tttctctaat 


cttctgctfcg 


ccagggcaac 


ctcattcccc 


gtggggcaga 


actacatgaa 


ggaacgcaag 


tggtccttct 


gecttgeaat 


cttcaggtaa 


gatcttagac 


caccattcta 


tcccttgaag 


ccccaagttg 


ccttgtaaca 


ctctccccat 


cttcaccctc 


ttctgttata 


ttatcctgtt 


tctctcrcttt 

^ — w «— 3 ^ 1» w 


gtccctcttg 


ecttegtaga 


ctaatagtgt 


cacctcctaa 


caccctctct 


ctcccccaaa 


ctccttcagt 


cttcccytat 


cccctcccaa 


gaaccccatt 


ccttaactca 


atctttctcc 


agccctcrtc 


tcctctagac 


era t c t c acrcr a 


gctfctgaccc 


acccsctgtg 


ac agt aac c t 


ggccaagccg 


ggggaagggt 


accatcttcc 


tttgtcccat 


ttcagtatcc 


agacfcgtgct 


acttaceggg 


ggectaaage 


atfcccacagt 


caaattctgg 


tcctgggtct 


agtggcaaag 


ctttgtcttt 


ctggtgcctt 


ttcacccatc 


ccatggaggg 


tctctttcct 


aagcccctct 


acagattctc 


tgccacaaag 


gtgtccctac 


atecagtgea 


gagggtggtc 


ctccatctcc 


caggagacac 


agccttcatc 


cactggtacc 


accacagcac 


agtgctcgtg 


ectgeaggag 


gctggttcgt 

3 ^ »~ 3 3 <2 


caccatgaac 


tacactctga 


aggcfcgccaa 


cgtgaagccc 


ctgeagatet 


tgcagatgtt 


tgtaggagee 


caggatcagg 


gatgccacac 


cacgatggaa 


acctatttca 


tcctctttgc 


ccacttcttc 


gccaagacca 


agagecagtg 


aaggtttgga 


tccagggcac 


caagaggctg 


ggcttagttt 


tggtttcccc 


agaggatgtg 


tgccccaagg 
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cagcacccac 


ccatgagccc 


atccctctgc 


4560 


atagecctga 


tctacctggt 


tctcatcgct 


4620 


ggcttcaacc 


tgeaagggee 


tctcatcctc 


4680 


gaccccatcc 


cactccctgc 


ctcttctcta 


4740 


ctttcccgat 


tgcatcaacc 


tccatcctgt 


4800 


ctcattctcg 


gctttagttc 


ccctcccagc 


4860 


ttccttctct 


tttagacccc 


tacctggtgg 


4920 


gtctgtactc 


gcaactaatt 


tctccagcct 


4980 


caagaccctc 


caataacttc 


cccatatttt 


5040 


ccctctacac 


atctcctccc 


aggctcctaa 


5100 


actttcagtc 


ccatccccct 


gcattccctg 


5160 


tactgattgg 


atctaccaga 


ttggcttcag 


5220 


gacaggtggg 


gaggtggtag 


agcttggaac 


5280 


ggattattgg 


tgcctgggga 


tgacacttac 


5340 


tgggggcagt 


gaggatgtgg 


ggcattatgg 


5400 


aaaccgtgtg 


cttcatcaac 


ttcatcgata 


5460 


ttcttctcag 


caaggtcata 


gaactcggtg 


5520 


gtgaactgea 


tccttcctca 


gggccctccc 


5580 


acccttgggt 


cccaataata 


cctctcaccc 


5640 


acccccttcc 


ctcccctgag 


aatttctccc 


5700 


ccagcactgg 


gtggtatgcc 


aactatgact 


5760 


atectgegta 


agcggccact 


catctttatt 


5820 


tacacaagct 


ttggatacaa 


gaacaaagtg 


5880 


tttggtgttc 


atgecatcat 


gtacacctac 


5940 


cccaagatgc 


tgcccatgct 


catcaccagc 


6000 


ategtcagea 


tcctcacgta 


catctggagg 


6060 


cacttattct 


ggtccttcat 


cttgtatatg 


6120 


tgccagacct 


acatcaggcc 


caaggtcaaa 


6180 


gayaac aacg 


aayctccogy 


rfrtctcthc 


6240 


tgggagaatg 


attaggttgc 


cttacctgca 


6300 


tggctggaat 


ttttgacaga 


caagaagggt 


6360 
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gaccttggga 


tgggggtgtg 


gtctgttact 


agcaggccct 


gggatgggag 


tggggcggag 


tatccagaaa 


tctttcttct 


tcttgctctg 


ttgagagttg 


ggggatttgg 


ggggaaagag 


aggggatgat 


ctgcaggtgg 


gacgcctgag 


agacacfcgaa 


agaatcctag 


gcctggtagg 


ttttattgct 


gttagagacc 


caagcccctc 


gcggagtaac 


tttatctaaa 


gtcataggct 


aagcgttgga 


gaccagatct 


accagctagc 


accggctgtg 


gccgatgcca 


gccaggtagc 


ctctttgctg 


caggaatccc 


gggctgcccc 


ctgagtccct 


agaagcctgg 


accctcastt 


cagtggggga 


ggat 




<210> 2 

<211> 818 

<212> DNA 

<213> Homo sapiens 




<400> 2 
ctagatggtc 


acagccatga 


atgtctcaca 


cttcgagctg 


tccaaggaca 


tgaggccctt 


c.atagccctg 


atctacctgg 


ttctcatcgc 


gggcttcaac 


ctgcaagggc 


ctctcatcct 


cctgggggca 


gtgaggatgt 


ggggcattat 


gcaaaccgtg 


tgcttcatca 


acttcatcga 


ctttcttctc 


agcaaggtca 


tagaactcgg 


gccactcatc 


tttattcact 


ggtaccacca 


atacaagaac 


aaagtgcctg 


caggaggctg 


catcatgtac 


acctactaca 


ctctgaaggc 


catgctcatc 


accagcctgc 


agatcttgca 


cacgtacatc 


tggaggcagg 


atcagggatg 


cttcatcttg 


tatatgacct 


atttcatcct 


caggcccaag 


gtcaaagcca 


agaccaagag 
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ttaatgtttc tgtttttaat gtgaaggcca 6420 

gagggtccta agagctgatt atttaatttc 6480 

tttttttaaa ttaaagattt caacaaaatt 6540 

ggctgctgtg atggcaggag gctgctacca 6600 

ggtgtgtgga agggtgagag gcacacacac 6660 

cacttaacaa atgtctgtta cagaccagaa 6720 

ataggaacag tgagaaacag gtgcagaaag 6780 

ccctgaatag cagagctgac acctacaagg 6840 

ctccctgaga ccacgaggtg gcgccgcagc 6900 

cggtttccca cgtcccccgc acgcacgcac 6960 

gacctggagt aggnggggtg gtgagtggga 7020 

cgttccctgt acatccagct cgcctgtaga 7080 

7094 



tgaagtaaat cagctgttcc agccctataa 60 

tttcgaggag tattgggcaa cctcattccc 120 

tgtggggcag aactacatga aggaacgcaa 180 

ctggtccttc tgccttgcaa tcttcagtat 240 

ggggactgtg ctacttaccg ggggcctaaa 300 

taattccaca gtcaaattct ggtcctgggt 3 60 

agacacagcc ttcatcatcc tgcgtaagcg 420 

cagcacagtg ctcgtgtaca caagctttgg 480 

gttcgtcacc atgaactttg gtgttcatgc 540 

tgccaacgtg aagcccccca agatgctgcc 600 

gatgtttgta ggagccatcg tcagcatcct 660 

ccacaccacg atggaacact tattctggtc 720 

ctttgcccac ttcttctgcc agacctacat 780 

ccagtgaa 818 
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<210> 3 

<211> 3045 

<212> DNA 

<213> Homo sapiens 




<400> 3 
actaagaccg 


CaaygCaLUC 


atttcctcct 


gc c c c agaga 


gay gay c ugy 


gagcggaggc 


agaggc fc ggg 


ayaagay ctcy 


accgctggag 


tgggtggggg 


cLdy <~ciy aCay 


gagaacactc 


4— t- *-r4— i- a j-r a t~r 

CCy Lauayag 


ca.cH-.ctl— y Lttyv*. 


gactccgaag 


tfcfcacaagaa 


LatyadULLy 


aaaagcagtt 


ggaaaactgg 


aayaaauctt. 


tcctgttttc 


tcggcaccta 


atgaafcaaac 


gagcaaagtt 


tctgaccctt 


r^-r^ y^r 4— /"< 4— 4- /-i -a 


gtatattcgg 


catxtzugacg 


accdcidyycc 


tgaagcagtc 


tgtcagcaaa 


4-4-/^4~ /~r <~r /*r y— 1 4— 4— 

Cue t.gyycuu 


atgcatttgt 


aatattcatt 


4— 4— #»i 4— f~r ^ r*r r°r a 

atuctgagga 


agcagaagct 


tgtgctcctg 


fcactcfcfcggfc 


actcctacaa 


gactatgaac 


tatggcgfcgc 


acgccgtgat 


Etxccgaguc 


tcccygaagL 


ttgccatgtt 


gaugggctgi- 


y t.y gt uaao u 


acctggtctt 


4— /-i n 1 4— 4— •f— ^ -fa /-r 

CCaCCttCag 




ggtcctcact 


ccatctcctc 


4— +- 4- r*r za rxrxr* t~* t~ 

tLugaggcL u 


acatcggcaa 


ttggaactga 


ggaggaagcc 


atagctcagg 


atggcacaag 


gaatcacacg 


tggtgcagct 


acccaaggca 


gcuLdgygdu 


aattaggttg 


ggg t gaggac 


Lcact-gayty 


cacctccatc 






aggacaaggg 


ctaatcaaag 


gcaaacaaag 


gctattaaca 


catttctcta 


agatgaaaga 


tttttactct 


ctttctaact 


ttatggacac 




cagggtgtat 


atctagaacg 


ataatgcttt 


cagctgctgt 


agaccccatg 


agaaaagatg 
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acggtggatg 


cggacgccgg 


gaggaggaga 


60 


gcaggcaatg 


ctcagccctg 


gatgtagctg 


120 


accgagcggc 


gtggggaaga 


cctagggggg 


180 


gaaatcaagc 


gctttacaga 


ttattttatt 


240 


atcagcccca 


atgaacatgt 


cagtgttgac 


300 


caacgagaat 


gaagccatcc 


aatggatgca 


360 


tgctctgtat 


gctgccttta 


tattcggtgg 


420 


tgaactgagg 


aagccattag 


tgctctggtc 


480 


tgctcttcga 


actggtgctt 


atatggtgta 


540 


agtttgtgac 


cagggttttt 


acaatggacc 


600 


gctaagcaaa 


gcacccgaac 


taggagatac 


660 


gatcttcctg 


cactggtatc 


accacatcac 


720 


agacatggtt 


gccgggggag 


gttggttcat 


780 


gtactcttac 


tatgccttgc 


gggcggcagg 


840 


catcaccttg 


tcccagatca 


ctcagatgct 


900 


ctgctggatg 


cagcatgacc 


agtgtcactc 


960 


catgtacctc 


agctaccttg 


tgctcttctg 


1020 


aatgaggaaa 


acaacgaaag 


ctgaatagtg 


1080 


gtcatcaaga 


aaaataatag 


acaaaagaaa 


1140 


aaaacaaaac 


aaaacatgag 


caaacacaaa 


1200 


atttaaccca 


gtaagtttat 


gatcctttta 


1260 


tccaagcact 


gctgctggaa 


gaccccattc 


1320 


agaacaaaag 


caagccagaa 


gcagaggaga 


1380 


cataggaaaa 


tatgtattta 


ctaagtgtca 


1440 


agaaactgtg 


cgagcacaac 


acacacaatc 


1500 


ccaatagaaa 


agacaaaaat 


gaaagagaca 


1560 


tgcagaaact 


aaagcctttt 


taagaaatgc 


1620 


tcttaatcat 


ccttatgaaa 


acagatgtaa 


1680 
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acaactatat ttcaactaac ttcatcttca ctgcatagcc tcaggctagt gagtttgcca 1740 

aaaccaaagg gggtgaatac ttccccaaga ttcttcctgg gaggatggaa acagtgcagc 1800 

ccaggtccca tgggggcagc tccatcccag agcatttctg atagttgaac tgtaatttct 1860 

actcttaagt gaga tat gaa gtattatcct tttgttcagt tgccccgggc ttttgaacag 1920 

aagagtaaat acagaattga aaaagataaa cactcaacca aacaatgtga aaacgggttc 1980 

tgtagtattt gtaaaaaggc ccggcccagg accactgtga gctggaaaag ggagaaaggc 2040 

agtgggaaaa gaggtgagcc gaagatcaat tcgacagaca gacggtgtgt atgcccctcc 2100 

ctgtttgact tcacacacac tcataacttt ccaaatgaaa ccccacagta tagcgcatat 2160 

tttcgatatt tttgtgaatt ccaaaaggaa atcacagggc tgttcgaaat attgggggaa 2220 

cactgtgttt ctgcatcatc tgcatttgct ccccaagcaa tgtagaggtg tttaaagggc 2280 

cctctgctgg ctgagtggca atactacaac aaacfctcaag gcaagtttgg ctgaaaacag 2340 

ttgacaacaa agggccccca tacacttatc cctcaaattt taagtgatat gaaatacttg 2400 

tcatgtcttt ggccaaatca gaagatattc atcctgcttc aagtcagctt cagaaatgtt 2460 

ttaaaaggga ctttagctct ggaactcaaa atcaatttat taagagccat attctttaaa 2520 

aaaaaaagct ggataatatt atctgtaata tttcagtcct ttacaagcca aatacatgtg 2580 

tcaatgtttc tagtatttca aagaagcaat tatgtaaagt tgttcaatgt gacataatag 2 640 

tattataatt ggttaagtag cttaatgatt aggcaaacta gatgaaaaga ttaggggctt 2700 

ccacactgca tagatcacac gcacatagcc acgcatacac acacagacac acagatgtgg 2760 

ggtacactga atttcaaagc ccaaatgaat agaaacacat tttctggcta gcagaaaaaa 2820 

acaaaacaaa actgttgttt ctctttcttg ctttgagagt gtacagtaaa agggattttt 2880 

tcgaattatt tttatattat tttagcttta attgtgctgt cgttcatgaa acagagctgc 2940 

tctgcttttc tgtcagagat ggcaagggct ttttcagcat ctcgtttatg tgtggaattt 3000 

aaaaagaata aagttttatt ccattctgaa aaaaaaaaaa aaaaa 3045 

<210> 4 

<211> 3045 

<212> DHA 

<213> Homo sapiens 

<400> 4 

actaagaccg caaggcattc atttcctcct acggtggatg cggacgccgg gaggaggaga 60 

gccccagaga gaggagctgg gagcggaggc gcaggcaatg ctcagccctg gatgtagctg 12 0 

agaggctggg agaagagacg accgctggag accgagcggc gtggggaaga cctagggggg 180 

tgggtggggg aagcagacag gagaacactc gaaatcaagc gctttacaga ttattttatt 240 

ttgtatagag aacacgtagc gactccgaag atcagcccca atgaacatgt cagtgttgac 300 
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tttacaagaa 


tatgaattcg 


aaaagcagtt 


caacgagaat 


gaagccatcc 


aatggatgca 




ggaaaactgg 


aagaaatctt 


tcctgttttc 


tgctctgtat 


gctgccttta 


tattcggtgg 




tcggcaccta 


atgaataaac 


gagcaaagtt 


tgaactgagg 


aagccattag 


tgctctggtc 




tctgaccctt 


gcagtcttca 


gtatattcgg 


tgctcttcga 


actggtgctt 


atatggtgta 




cattttgatg 


accaaaggcc 


tgaagcagtc 


agtttgtgac 


cagggttttt 


acaafcggacc 


DUU 


tgtcagcaaa 


ttctgggctt 


atgcatttgt 


gctaagcaaa 


gcacccgaac 


caggaga uctc 


O V IV 


aatattcatt 


attctgagga 


agcagaagct 


gatcttcctg 


cactggtafcc 


accacacca.c 


/ Zr U 


tgtgctcctg 


tactcttggt 


actcctacaa 


agacatggtt 


gccgggggag 


gttggtfccat 


/ OU 


gactatgaac 


tatggcgtgc 


acgccgtgat 


gtactcttac 


tatgccttgc 


gggeggcagg 




tttccgagtc 


tcccggaagt 


ttgccatgtt 


catcaccttg 


tcccagatca 


etcagatget 


q nn 


gatgggctgt 


gtggttaact 


acctggtctt 


ctgctggatg 


cagcatgacc 


agcgccaccc 




tcactttcag 


aacatcttct 


ggtcctcact 


catgtacctc 


age fcaccttg 


4— *■ r~% 4— ^ 4— 4— /-r 

tgCtCLtCLg 


i 09 n 


ccatttcttc 


tttgaggcct 


acatcggcaa 


aatgaggaaa 


acaacgaaag 


ctgaatagtg 


i nan 

JLU OU 


ttggaactga 


ggaggaagcc 


atagctcagg 


gtcatcaaga 


aaaataatag 


acaaaagaaa 


n T / A 
J.14U 


atggcacaag 


gaatcacacg 


tggtgcagct 


aaaacaaaac 


aaaacatgag 


caaacacaaa 


j_z u u 


acccaaggca 


gcttagggat 


aattaggttg 


atttaaccca 


gtaagtttat 


gatcctttta 


i o cn 

±,6 OU 


gggtgaggac 


tcactgagtg 


cacctccatc 


tccaagcact 


gctgctggaa 


gaccccattc 


i "*9 n 

x J ^ U 


cctctttatc 


tatcaacfcct 


aggacaaggg 


agaacaaaag 


caagecagaa 


gcagaggaga 


i ^ fin 


ctaatcaaag 


gcaaacaaag 


gctattaaca 


cataggaaaa 


tatgtattta 


ctaagtgtca 


i / An 


catttctcta 


agatgaaaga 


tttttactct 


agaaactgtg 


cgagcacaac 


acacacaatc 


1 Rflfi 


ctttctaact 


ttatggacac 


taaactggag 


ccaatagaaa 


agacaaaaat 


gaaagagaca 


±D D U 


cagggtgtat 


atctagaacg 


ataatgcttt 


tgcagaaact 


aaagcctttt 


taagaaatgc 


icon 


cagctgctgt 


agaccccatg 


agaaaagatg 


tcttaatcat 


ccttatgaaa 


acagatgtaa 


XooU 


acaactatat 


ttcaactaac 


ttcatcttca 


ctgcatagcc 


tcaggctagt 


gagtttgeca 


1 n ac\ 


aaaccaaagg 


gggtgaatac 


ttccccaaga 


ttcttcctgg 


gaggatggaa 


acagbgcagc 


i ann 


ccaggtccca 


tgggggcagc 


tccatcccag 


agcatttctg 


atagttgaac 


tgcaauu cc u 


lOOu 


actcttaagt 


gagatatgaa 


gtattatcct 


i » * » i — _ _ fc_ 

tttgttcagt 


tgccccgggc 


cttcgaacag 


1 Q90 


aagagtaaat 


acagaattga 


aaaagataaa 


cactcaacca 


aacaatgtga 


aaacgggttc 




tgtagtattt 


gtaaaaaggc 


ccggcccagg 


accactgtga 


gctggaaaag 


ggagaaaggc 


2040 


agtgggaaaa 


gaggtgagcc 


gaagatcaat 


tcgacagaca 


gacggtgtgt 


atgcccctcc 


2100 


ctgtttgact 


tcacacacac 


tcataacttt 


ccaaatgaaa 


ccccacagta 


tagegcatat 


2160 
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tttcgatatt tttgtgaatt ccaaaaggaa 
cactgtgttt ctgcatcatc tgcatttgct 
cctctgctgg ctgagtggca atactacaac 
ttgacaacaa agggccccca tacacttatc 
tcatgtcttt ggccaaatca gaagatattc 
ttaaaaggga ctttagctct ggaactcaaa 
aaaaaaagct ggataatatt atctgtaata 
tcaatgtttc tagtatttca aagaagcaat 
tattataatt ggttaagtag cttaatgatt 
ccacactgca tagatcacac gcacatagcc 
ggtacactga atttcaaagc ccaaatgaat 
acaaaacaaa actgttgttt ctctttcttg 
tcgaattatt tfctatattat tttagcttta 
tctgcttttc tgfccagagat ggcaagggct 
aaaaagaata aagttttatt ccattctgaa 

<210> 5 

<211> 2900 

<212> DNA 

<213> Homo sapiens 

<400> 5 

tgaggagcag gagaagacgc agccgggccg 
cgccccgtcg gccgccaccg cctccggggt 
tgccgccagc gcccgctcat cgccgcgatg 
ctaaacgtag tgtccacggc actcaacgac 
atcgcagata agcgtgtgga aaattggcct 
ataagcactc tttatctcct gtttgtgtgg 
ccttttcaga tgcgtctagt gctcattatc 
tttatcttca gagagttatt catgggatca 
agtgtggatt attctaataa tgttcatgaa 
tttgtatcta aaggagttga gtatttggac 
aaccaagttt ctttccttca tgtgtatcat 
ggaattaagt gggttgcagg aggacaagca 



PCT/US02/17739 

atcacagggc tgttcgaaat attgggggaa 2220 

ccccaagcaa tgtagaggtg tttaaagggc 2280 

aaacttcaag gcaagtttgg cfcgaaaacag 2340 

cctcaaattt taagtgatat gaaatacttg 2400 

atcctgcttc aagtcagctt cagaaatgtt 2460 

atcaatttat taagagccat attctttaaa 2520 

tttcagtcct ttacaagcca aatacatgtg 2580 

tatgtaaagt tgttcaatgt gacataatag 2640 

aggcaaacta gatgaaaaga ttaggggctt 2700 

acgcatacac acacagacac acagatgtgg 2760 

agaaacacat tttctggcta gcagaaaaaa 2820 

ctttgagagt gtacagtaaa agggattttt 2880 

attgtgctgt cgttcatgaa acagagctgc 2940 

ttttcagcat ctcgtttatg tgtggaattt 3000 

aaaaaaaaaa aaaaa 3045 



ccgccgttag aggggttccc ggccgccgct 60 

cagccctctc tctgggtctc cgctttctcc 120 

gggctcctgg actcggagcc gggtagtgtc 180 

acggtagagt tctaccgctg gacctggtcc 240 

ctgatgcagt ctccttggcc tacactaagt 300 

ctgggtccaa aatggatgaa ggaccgagaa 360 

tataattttg ggatggtttt gcttaacctc 420 

tataatgcgg gatatagcta tatttgccag 480 

gtcaggatag ctgctgctct gtggtggtac 540 

acagtgtttt ttattctgag aaagaaaaac 600 

cactgtacga tgtttacctt gtggtggatt 660 

ttttttggag cccagttgaa ttcctttatc 720 



9 



WO 02/099068 



catgtgatta 


tgtactcata 


ctatgggtta 


ctttggtgga 


aacgatacct 


gactatgttg 


cacacggcac 


tgtctcttta 


cactgactgc 


attgcctatg 


caatcagctt 


catatttctc 


gagcctaaga 


aaccaaaagc 


tggaaaaaca 


agcaaatcag 


aaaaacaact 


catgatagaa 


aaaggagatt 


aaattgaact 


gggccttaac 


tcatataaaa 


tttcagggaa 


aacagaagca 


aaatgtgctc 


tatgtcctag 


taactcttag 


tgttttattt 


atgaagtttt 


tattttaaac 


ccagaccaaa 


gcaatcatta 


agtgactttg 


ctaaaggatg 


agatttttca 


tgtatcttat 


cgatcacaga 


aacggtcttt 


atgaattatt 


actgaaatca 


gtggtgttac 


attttcttgt 


ttgcacattt 


gaattcattt 


gctgaccgga 


tataattttg 


gttgtaatta 


aatttttaaa 


ttgatgatga 


tggtgttggt 


gaaaataaga 


ccagagatca 


ccatgacttg 


aggcacaaat 


aaggcagcat 


ttgaatactc 


ctgttagtag 


tctgattgaa 


acatgaaaca 


actcatgtct 


tatgtgctgt 


tagaatatgt 


taatttttat 


tcctgatttt 


tcatatgtgg 


aaatatacct 


taaataaatt 


ttaattaaaa 


aatcaaggag 


caaatccact 


agtatttttt 


ttgcttttat 


aaactatcct 


tctctttcaa 


tgtgtttaat 


tgcaagatct 


tatttattaa 


ctaggtatga 


gactccttgg 


tgctaaagat 


tgttaaattc 


cacaaaatga 


ataaaagtga 


gagtagtcag 


tgaagtattt 


catg.taatat 


aagtgaacaa 


atgttttact 


acataggtta 


attttttaag 


caaaatgtga 


ccaaaaaaaa 


gcatgaatat 
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actgcatttg 


gcccatggat 


tcagaaatat 


780 


caactgattc 


aattccatgt 


gaccattggg 


840 


cccttcccca 


aatggatgca 


ctgggctcta 


900 


tttcttaact 


tctacattcg 


gacatacaaa 


960 


gccatgaatg 


gtatttcagc 


aaatggtgtg 


1020 


aatggaaaaa 


agcagaaaaa 


tggaaaagca 


1080 


tgttgttgac 


agtgaggaaa 


aactcccata 


1140 


aaggagagct 


tgggggtggg 


gagaaaagac 


1200 


actgagtaaa 


gtgttaatac 


catacccaga 


1260 


atttttttta 


aaaattagcc 


ttgatattct 


1320 


gggattctcc 


ccctgttcac 


atccagttgt 


1380 


agtcactcat 


tcttcggtct 


gaattttaga 


1440 


ttgataaatt 


actaattatc 


ttatctactg 


1500 


ccaaagctga 


aaatgtgtat 


acacttaaac 


1560 


atggtcaaat 


ctctccacct 


ctagtcagag 


1620 


atctgctgat 


ctctgtagaa 


tcttagaggc 


1680 


aagaattgca 


gtaaagtctt 


gtctggtgac 


1740 


cactgtgggg 


aaacaatttt 


ttgtgatgaa 


1800 


cagaaatata 


ttatgaaatt 


aagattattg 


1860 


ttattagtaa 


catcataaga 


tagttacatt 


1920 


caggctttcc 


ttgttttgat 


ttatggctgt 


1980 


acctcttccg 


ttggaaagaa 


catttaaaat 


2040 


tcttctaatg 


taaattttaa 


tgttaactfct 


2100 


gacaaatagc 


atacaccaaa 


catttctgtg 


2160 


tttggagtaa 


cgttttcctt 


gtgactaagt 


2220 


agtataaacc 


cattttggtg 


caatattctt 


2280 


aatgcttgat 


gttacaaggt 


gttgttaaaa 


2340 


aactataaca 


ttcaatttgc 


tatttacaaa 


2400 


c t* crcraaa taa 


agtaggaaag 


aatttgtatc 


2460 


ggatgttgca 


aagggattac 


tagagaaaga 


2520 


ttcttaagta 


tctcaacaac 


atgtcaaagc 


2580 
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tgcatgtgta ggatgtatgc tgtttgtaca aactatttca gaatattttg taagctataa 2640 

catatttatt gtgcattaaa attaaatact ttttccccaa aggcatgcag tcatgagaat 2700 

tacagaaaat ttgcaacata taaagtagtt tgatctaaga ggattcaaca cctttgtttt 2760 

gttgctcagt gtgtaatgac tgagatttgt aaatctttgt gaacattctg tactggttcc 2820 

caagagctat tcattccctg ctacctgatt tcagcacaat aaatatactt ctgctgtggg 2 880 

aaaaaaaaaa aaaaaaaaaa # 2900 

<210> 6 

<211> 2900 

<212> DNA 

<213> Homo sapiens 

<400> 6 

tgaggagcag gagaagacgc agccgggccg ccgccgttag aggggttccc ggccgccgct 60 

cgccccgtcg gccgccaccg cctccggggt cagccctctc tctgggtctc cgctttctcc 120 

tgccgccagc gcccgctcat cgccgcgatg gggctcctgg actcggagcc gggtagtgtc 180 

ctaaacgtag tgtccacggc actcaacgac acggtagagt tctaccgctg gacctggtcc 240 

atcgcagata agcgtgtgga aaattggcct ctgatgcagt ctccttggcc tacactaagt 300 

ataagcactc tttatctcct gtttgtgtgg ctgggtccaa aatggatgaa ggaccgagaa 3 60 

ccttttcaga tgcgtctagt gctcattatc tataattttg ggatggtttt gcttaacctc 420 

tttatcttca gagagttatt catgggatca tataatgcgg gatatagcta tatttgccag 480 

agtgtggatt attctaataa tgttcatgaa gtcaggatag ctgctgctct gtggtggtac 540 

tttgtatcta aaggagttga gtatttggac acagtgtttt ttattctgag aaagaaaaac 600 

aaccaagttt ctttccttca tgtgtatcat cactgtacga tgtttacctt gtggtggatt 660 

ggaattaagt gggttgcagg aggacaagca ttttttggag cccagttgaa ttcctttatc 720 

catgtgatta tgtactcata ctatgggtta actgcatttg gcccatggat tcagaaatat 780 

ctttggtgga aacgatacct gactatgttg caactgattc aattccatgt gaccattggg 840 

cacacggcac tgtctcttta cactgactgc cccttcccca aatggatgca ctgggctcta 900 

attgcctatg caatcagctt catatttctc tttcttaact tctacattcg gacatacaaa 960 

gagcctaaga aaccaaaagc tggaaaaaca gccatgaatg gtatttcagc aaatggtgtg 1020 

agcaaatcag aaaaacaact catgatagaa aatggaaaaa agcagaaaaa tggaaaagca 1080 

aaaggagatt aaattgaact gggccttaac tgttgttgac agtgaggaaa aactcccata 1140 

tcatataaaa tttcagggaa aacagaagca aaggagagct tgggggtggg gagaaaagac 1200 

aaatgtgctc tatgtcctag taactcttag actgagtaaa gtgttaatac catacccaga 12 60 

tgttttattt atgaagtttt tattttaaac atttttttta aaaattagcc ttgatattct 1320 
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catatttatt gtgcattaaa attaaatact ttttccccaa aggcatgcag tcatgagaat 

tacagaaaat ttgcaacata taaagtagtt tgatctaaga ggattcaaca cctttgtttt 

gttgctcagt gtgtaatgac tgagatttgt aaatctttgt gaacattctg tactggttcc 

caagagctat tcattccctg ctacctgatt tcagcacaat aaatatactt ctgctgtggg 
aaaaaaaaaa aaaaaaaaaa 

<210> 7 

<211> 1307 

<212> DNA 

<213> Danio rerio 

<400> 7 

12 



ccagaccaaa gcaatcatta agtgactttg gggattctcc ccctgttcac atccagttgt 1380 
ctaaaggatg agatttttca tgtatcttat agtcactcat tcttcggtct gaattttaga 1440 
cgatcacaga aacggtcttt atgaattatt ttgataaatt actaattatc ttatctactg 1500 
actgaaatca gtggtgttac attttcttgt ccaaagctga aaatgtgtat acacttaaac 1560 
ttgcacattt gaattcattt gctgaccgga atggtcaaat ctctccacct ctagtcagag 1620 
tataattttg gttgtaatta aatttttaaa atctgctgat ctctgtagaa tcttagaggc 1680 
ttgatgatga tggtgttggt gaaaataaga aagaattgca gtaaagtctt gtctggtgac 1740 
ccagagatca ccatgacttg aggcacaaat cactgtgggg aaacaatttt ttgtgatgaa 
aaggcagcat ttgaatactc ctgttagtag cagaaatata ttatgaaatt aagattattg 
tctgattgaa acatgaaaca actcatgtct ttattagtaa catcataaga tagttacatt 
tatgtgctgt tagaatatgt taatttttat caggctttcc ttgttttgat ttatggctgt 1980 
tcctgatttt tcatatgtgg aaatatacct acctcttccg ttggaaagaa catttaaaat 
taaataaatt ttaattaaaa aatcaaggag tcttctaatg taaattttaa tgttaacttt 
caaatccact agtatttttt ttgcttttat gacaaatagc atacaccaaa catttctgtg 
aaactatcct tctctttcaa tgtgtttaat tttggagtaa cgttttcctt gtgactaagt 2220 
tgcaagatct tatttattaa ctaggtatga agtataaacc cattttggtg caatattctt 2280 
gactccttgg tgctaaagat tgttaaattc aatgcttgat gttacaaggt gttgttaaaa 2340 
cacaaaatga ataaaagtga gagtagtcag aactataaca ttcaatttgc tatttacaaa 
tgaagtattt catgtaatat aagtgaacaa ctggaaataa agtaggaaag aatttgtatc 
atgttttact acataggtta attttttaag ggatgttgca aagggattac tagagaaaga 2520 



1800 
1860 
1920 



2040 
2100 
2160 



2400 
2460 



2580 



caaaatgtga ccaaaaaaaa gcatgaatat ttcttaagta tctcaacaac atgtcaaagc 
tgcatgtgta ggatgtatgc tgtttgtaca aactatttca gaatattttg taagctataa 2640 



2700 
2760 
2820 
2880 
2900 
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cgagcgcacc 


ggcatgagcc 


ccacatggcg 


ggtgtccagt 


caccgtcaga 


cgcaccgctc 


gttagtgaca 


ctccgtttgc 


cttcgcgtta 


tttaaacgta 


cgctgtagat 


ttaaatatag 


ctgcagcaca 


cctgatgtcg 


acataggcac 


gcgccatgga 


gacggtcgtt 


cacctgatga 


ttaccatagc 


agacaagcgt 


gtggagaaat 


tggggatcag 


tgttttgtac 


ctgctcttcc 


gcgagccttt 


ccagctcagg 


aaaacactca 


acttctacat 


ctgcaaagag 


ctgctcctgg 


gccagcctgt 


caactactcc 


aatgatgtta 


ggtattacat 


ctccaaggga 


gtggagtttc 


agtttaatca 


ggtcagcttc 


ctgcacgtct 


ggatcggcat 


caagtgggtt 


cctggtggac 


gcattcatgt 


gctgatgtac 


ggctactacg 


agtacctgtg 


gtggaagaaa 


tacctcacta 


ttgtccatgc 


tgcttactct 


ctctacacgg 


ctttgattgg 


ctatgccgat 


acattcatca 


accgtcgcca 


gccacttcct 


aagacagcca 


ccaacggcac 


cagcaagaca 


gccgaggtca 


aaggaaagca 


cgattaaaac 


gaatcttgga 


gttgtaaaaa 


caaaacaaac 


atgctgattg 



<210> 8 

<211> 1338 

<212> DNA 

<213> Homo sapiens 

<400> 8 

gcagtggctg cgcccgggat agctggctgc 
ctcctccctt tgcccaggag ttccttctgt 
cacgccatcc tcggagcccc agcctttcac 
ctgcaaaact agatggtcac agccatgaat 
ccctataact tcgagctgtc caaggacatg 
tcattcccca tagccctgat ctacctggtt 
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cgactgcgca 


tgctcagttg cggacagacc 


60 


agaagcgttt 


gcctcatatg ctccggtccc 


120 


ttattgccaa 


aaaactgcgg ggttgatgcg 


180 


acaattattc 


actcgcatat tttacctggg 


240 


gcgctcgtaa 


ggataatcat cttagaacta 


300 


atgactctgt 


agagttttac aaatggagcc 


360 


ggccgatgat 


gtcatctcct ctgcccactc 


420 


tttgggccgg 


ccctctttac atgcagaacc 


480 


ttgtgtacaa 


cttcagcatg gtgctgctta 


540 


gctccagagc 


agccggatac agctacctct 


600 


atgaagtcag 


gatagcatct gctctgtggt 


660 


tggacacggt: 


cttcttcatc atgaggaaga 


720 


atcaccactg 


cacaatgttc atcctgtggt 


780 


agtctttctt 


tggcgcaacg attaactcag 


840 


gcctggcagc 


gtttggcccg aagafcccaga 


900 


ttattcagat 


gatccagttc cacgtcacca 


960 


gctgtccatt 


cccagcatgg atgcaaagtg 


1020 


tcctgttggc 


caatttttac taccagacct 


1080 


aattcgcagt 


taacggcgtc tccatgtcaa 


1140 


cggaaaatgg 


aaagaaacag acgaaaggaa 


1200 


tggagataaa 


ccattacaga ctgtttggta 


1260 


tatttctggg 


acaataa 


1307 


gccgccgcgc 


acatgcctag gttcgacgcc 


60 


cccggctctg 


ttccgtctcg ccccgaggtt 


120 


ccagcgcctc 


caagctttgg accttgactt 


180 


gtctcacatg 


aagtaaatca gctgttccag 


240 


aggccctttt 


tcgaggagta ttgggcaacc 


300 


ctcatcgctg 


tggggcagaa ctacatgaag 


360 
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gaacgcaagg gcttcaacct gcaagggcct ctcatcctct ggtccttctg cc ttgcaatc 420 

ttcagtatcc tgggggcagt gaggatgtgg ggcattatgg ggactgtgct acttaccggg 480 

ggcctaaagc aaaccgtgtg cttcatcaac ttcatcgata attccacagt caaattctgg 540 

tcctgggtct ttcttctcag caaggtcata gaactcggag acacagcctt catcatcctg 600 

cgtaagcggc cactcatctt tattcactgg taccaccaca gcacagtgct cgtgtacaca 660 

agctttggat acaagaacaa agtgcctgca ggaggctggt tcgtcaccat gaactttggt 720 

gttcatgcca tcatgtacac ctactacact ctgaaggctg ccaacgtgaa gccccccaag 780 

atgctgccca tgctcatcac cagcctgcag atcttgcaga tgtttgtagg agccatcgtc 840 

agcatcctca cgtacatctg gaggcaggat cagggatgcc acaccacgat ggaacactta 900 

ttctggtcct tcatcttgta tatgacctat ttcatcctct ttgcccactt cttctgccag 960 

acctacatca ggcccaaggt caaagccaag accaagagcc agtgaaggtt tggagagaac 102 0 

aatgaagctc caggctctct cttctccagg gcaccaagag gctgggctta gttttgggag 1080 

aatgattagg ttgccttacc tgcatggttt ccccagagga tgtgtgcccc aaggtggctg 1140 

gaatttttga cagacaagaa gggtgacctt gggatggggg tgtggtctgt taotttaatg 1200 

tttctgtttt taatgtgaag gccaagcagg ccctgggatg ggagtggggc ggaggagggt 1260 

cctaagagct gattatttaa tttctatcca gaaatctttc ttcttcttgc tctgtttttt 1320 

taaattaaag atttcaac 1338 

<210> 9 

<211> 236 

<212> PRT 

<213> Homo sapiens 

<400> 9 

Ala Thr Ser Phe Pro lie Ala Leu lie Tyr Leu Val Leu lie Ala Val 



Gly Gin Asn Tyr Met Lys Glu Arg Lys Gly Phe Asn Leu Gin Gly Pro 
20 25 30 

Leu lie Leu Trp Ser Phe Cys Leu Ala lie Phe Ser lie Leu Gly Ala 
35 40 45 

Val Arg Met Trp Gly He Met Gly Thr Val Leu Leu Thr Gly Gly Leu 
50 " 55 60 

Lys Gin Thr Val Cys Phe He Asn Phe He Asp Asn Ser Thr Val Lys 
65 70 75 80 
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Phe Trp Ser Trp Val Phe Leu Leu Ser Lys Val lie Glu Leu Gly Asp 
85 90 95 



Thr Ala Phe lie He Leu Arg Lys Arg Pro Leu He Phe He His Trp 
100 105 HO 



Tyr His His Ser Thr Val Leu Val Tyr Thr Ser Phe Gly Tyr Lys Asn 
115 120 12 5 



Lys Val Pro Ala Gly Gly Trp Phe Val Thr Met Asn Phe Gly Val His 
130 135 140 



Ala He Met Tyr Thr Tyr Tyr Thr Leu Lys Ala Ala Asn Val Lys Pro 
145 "* 150 155 160 



Pro Lys Met Leu Pro Met Leu He Thr Ser Leu Gin He Leu Gin Met 
165 170 175 



Phe Val Gly Ala He Val Ser He Leu Thr Tyr He Trp Arg Gin Asp 
180 185 190 



Gin Gly Cys His Thr Thr Met Glu His Leu Phe Trp Ser Phe He Leu 
195 200 205 



Tyr Met Thr Tyr Phe He Leu Phe Ala His Phe Phe Cys Gin Thr Tyr 
210 215 220 



He Arg Pro Lys Val Lys Ala Lys Thr Lys Ser Gin 

230 235 



225 




<210> 


10 


<211> 


270 


<212> 


PRT 


<213> 


Homo 


<400> 


10 


Met Val Thr 


1 





10 15 



Pro Tyr Asn Phe Glu Leu Ser Lys Asp Met Arg Pro Phe Phe Glu Glu 
20 25 30 



Tyr Trp Ala Thr Ser Phe Pro He Ala Leu He Tyr Leu Val Leu He 
35 40 45 



Ala Val Gly Gin Asn Tyr Met Lys Glu Arg Lys Gly Phe Asn Leu Gin 
50 55 60 
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Gly Pro Leu He Leu Trp Ser Phe Cys Leu Ala He Phe Ser He Leu 
65 70 75 80 



Gly Ala Val Arg Met Trp Gly He Met Gly Thr Val Leu Leu Thr Gly 
85 90 95 



Gly Leu Lys Gin Thr Val Cys Phe He Asn Phe He Asp Asn Ser Thr 
100 105 HO 



Val Lys Phe Trp Ser Trp Val Phe Leu Leu Ser Lys Val He Glu Leu 
115 120 125 



Gly Asp Thr Ala Phe He He Leu Arg Lys Arg Pro Leu He Phe He 
130 135 140 



His Trp Tyr His His Ser Thr Val Leu Val Tyr Thr Ser Phe Gly Tyr 
145 150 155 160 



Lys Asn Lys Val Pro Ala Gly Gly Trp Phe Val Thr Met Asn Phe Gly 
165 170 175 



Val His Ala He Met Tyr Thr Tyr Tyr Thr Leu Lys Ala Ala Asn Val 
180 185 190 



Lys Pro Pro Lys Met Leu Pro Met Leu He Thr Ser Leu Gin He Leu 
195 200 205 



Gin Met Phe Val Gly Ala He Val Ser He Leu Thr Tyr He Trp Arg 
210 215 220 



Gin Asp Gin Gly Cys His Thr Thr Met Glu His Leu Phe Trp Ser Phe 
225 230 235 240 



He Leu Tyr Met Thr Tyr Phe He Leu Phe Ala His Phe Phe Cys Gin 
245 250 255 



Thr Tyr He Arg Pro Lys Val Lys Ala Lys Thr Lys Ser Gin 
260 265 270 



<210> 11 

<211> 265 

<212> PRT 

<213> Homo sapiens 

<400> 11 

Met Asn Met Ser Val Leu Thr Leu Gin Glu Tyr Glu Phe Glu Lys Gin 
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10 



15 



Phe Asn Glu Asn Glu Ala He Gin Trp Met Gin Glu Asn Trp Lys Lys 
20 25 30 



Ser Phe Leu Phe Ser Ala Leu Tyr Ala Ala Phe He Phe Gly Gly Arg 
35 40 45 



His Leu Met Asn Lys Arg Ala Lys Phe Glu Leu Arg Lys Pro Leu Val 
50 55 60 



Leu Trp Ser Leu Thr Leu Ala Val Phe Ser He Phe Gly Ala Leu Arg 
65 70 75 80 



Thr Gly Ala Tyr Met Val Tyr He Leu Met Thr Lys Gly Leu Lys Gin 
85 90 95 



Ser Val Cys Asp Gin Gly Phe Tyr Asn Gly Pro Val Ser Lys Phe Trp 
100 105 110 



Ala Tyr Ala Phe Val Leu Ser Lys Ala Pro Glu Leu Gly Asp Thr He 
115 120 125 



Phe He He Leu Arg Lys Gin Lys Leu He Phe Leu His Trp Tyr His 
130 135 140 



His lie Thr Val Leu Leu Tyr Ser Trp Tyr Ser Tyr Lys Asp Met Val 
145 150 155 160 



Ala Gly Gly Gly Trp Phe Met Thr Met Asn Tyr Gly Val His Ala Val 
165 170 175 



Met Tyr Ser Tyr Tyr Ala Leu Arg Ala Ala Gly Phe Arg Val Ser Arg 
180 185 190 



Lys Phe Ala Met Phe He Thr Leu Ser Gin He Thr Gin Met Leu Met 
195 200 205 



Gly Cys Val Val Asn Tyr Leu Val Phe Cys Trp Met Gin His Asp Gin 
210 215 220 



Cys His Ser His Phe Gin Asn He Phe Trp Ser Ser Leu Met Tyr Leu 
225 230 235 240 



Ser Tyr Leu Val Leu Phe Cys His Phe Phe Phe Glu Ala Tyr He Gly 
245 250 255 
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Lys Met Arg Lys Thr Thr Lys Ala Glu 
260 265 



<210> 12 

<211> 265 

<212> PRT 

<213> Homo sapiens 

<400> 12 

Met Asn Met Ser Val Leu Thr Leu Gin Glu Tyr Glu Phe Glu Lys Gin 
15 10 15 



Phe Asn Glu Asn Glu Ala lie Gin Trp Met Gin Glu Asn Trp Lys Lys 
20 25 30 



Ser Phe Leu Phe Ser Ala Leu Tyr Ala Ala Phe lie Phe Gly Gly Arg 
35 40 45 



His Leu Met Asn Lys Arg Ala Lys Phe Glu Leu Arg Lys Pro Leu Val 
50 55 60 



Leu Trp Ser Leu Thr Leu Ala Val Phe Ser lie Phe Gly Ala Leu Arg 
65 70 75 80 



Thr Gly Ala Tyr Met Val Tyr lie Leu Met Thr Lys Gly Leu Lys Gin 
85 90 95 



Ser Val Cys Asp Gin Gly Phe Tyr Asn Gly Pro Val Ser Lys Phe Trp 
100 105 110 



Ala Tyr Ala Phe Val Leu Ser Lys Ala Pro Glu Leu Gly Asp Thr He 
115 120 125 



Phe He He Leu Arg Lys Gin Lys Leu He Phe Leu His Trp Tyr His 
130 135 140 



His He Thr Val Leu Leu Tyr Ser Trp Tyr Ser Tyr Lys Asp Met Val 
145 150 155 160 



Ala Gly Gly Gly Trp Phe Met Thr Met Asn Tyr Gly Val His Ala Val 
165 170 175 



Met Tyr Ser Tyr Tyr Ala Leu Arg Ala Ala Gly Phe Arg Val Ser Arg 
180 185 190 



Lys Phe Ala Met Phe He Thr Leu Ser Gin He Thr Gin Met Leu Met 
195 200 205 
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Gly Cys Val Val Asn Tyr Leu Val Phe Cys Trp Met Gin His Asp Gin 
210 215 220 



Cys His Ser His Phe Gin Asn lie Phe Trp Ser Ser Leu Met Tyr Leu 
225 230 235 240 



Ser Tyr Leu Val Leu Phe Cys His Phe Phe Phe Glu Ala Tyr He Gly 
245 250 255 



Lys Met Arg Lys Thr Thr Lys Ala Glu 
260 265 



<210> 13 

<211> 314 

<212> PRT 

<213> Homo sapiens 

<400> 13 

Met Gly Leu Leu Asp Ser Glu Pro Gly Ser Val Leu Asn Val Val Ser 
15 10 15 



Thr Ala Leu Asn Asp Thr Val Glu Phe Tyr Arg Trp Thr Trp Ser He 
20 25 *" 30 



Ala Asp Lys Arg Val Glu Asn Trp Pro Leu Met Gin Ser Pro Trp Pro 
35 40 45 



Thr Leu Ser He Ser Thr Leu Tyr Leu Leu Phe Val Trp Leu Gly Pro 
50 55 60 



Lys Trp Met Lys Asp Arg Glu Pro Phe Gin Met Arg Leu Val Leu He 
65 70 75 80 



He Tyr Asn Phe Gly Met Val Leu Leu Asn Leu Phe He Phe Arg Glu 
85 90 95 



Leu Phe Met Gly Ser Tyr Asn Ala Gly Tyr Ser Tyr He Cys Gin Ser 
100 105 HO 



Val Asp Tyr Ser Asn Asn Val His Glu Val Arg He Ala Ala Ala Leu 
115 120 125 



Trp Trp Tyr Phe Val Ser Lys Gly Val Glu Tyr Leu Asp Thr Val Phe 
130 13 5 140 



Phe He Leu Arg Lys Lys Asn Asn Gin Val Ser Phe Leu His Val Tyr 
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145 150 155 160 

His His Cys Thr Met Phe Thr Leu Trp Trp lie Gly lie Lys Trp Val 
165 170 175 

Ala Gly Gly Gin Ala Phe Phe Gly Ala Gin Leu Asn Ser Phe lie His 
180 185 190 



Val He Met Tyr Ser Tyr Tyr Gly Leu Thr Ala Phe Gly Pro Trp He 
195 200 205 



Gin Lys Tyr Leu Trp Trp Lys Arg Tyr Leu Thr Met Leu Gin Leu He 
210 215 220 



Gin Phe His Val Thr He Gly His Thr Ala Leu Ser Leu Tyr Thr Asp 
225 230 235 240 



Cys Pro Phe Pro Lys Trp Met His Trp Ala Leu He Ala Tyr Ala He 
245 250 255 



Ser Phe He Phe Leu Phe Leu Asn Phe Tyr He Arg Thr Tyr Lys Glu 
260 265 270 



Pro Lys Lys Pro Lys Ala Gly Lys Thr Ala Met Asn Gly He Ser Ala 
275 280 285 



Asn Gly Val Ser Lys Ser Glu Lys Gin Leu Met He Glu Asn Gly Lys 
290 295 300 



Lys Gin Lys Asn Gly Lys Ala Lys Gly Asp 

310 



305 




<210> 


14 


<211> 


314 


<212> 


PRT 


<213> 


Homo 


<400> 


14 



Met Gly Leu Leu Asp Ser Glu Pro Gly Ser Val Leu Asn Val Val Ser 
15 10 15 



Thr Ala Leu Asn Asp Thr Val Glu Phe Tyr Arg Trp Thr Trp Ser He 
20 25 30 



Ala Asp Lys Arg Val Glu Asn Trp Pro Leu Met Gin Ser Pro Trp Pro 
35 40 45 
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Thr Leu Ser lie Ser Thr Leu Tyr Leu Leu Phe Val Trp Leu Gly Pro 
50 55 60 



Lys Trp Met Lys Asp Arg Glu Pro Phe Gin Met Arg Leu Val Leu lie 
65 70 75 80 



He Tyr Asn Phe Gly Met Val Leu Leu Asn Leu Phe He Phe Arg Glu 
. 85 90 95 



Leu Phe Met Gly Ser Tyr Asn Ala Gly Tyr Ser Tyr He Cys Gin Ser 
100 105 HO 



Val Asp Tyr Ser Asn Asn Val His Glu Val Arg He Ala Ala Ala Leu 
115 120 125 



Trp Trp Tyr Phe Val Ser Lys Gly Val Glu Tyr Leu Asp Thr Val Phe 
130 135 140 



Phe He Leu Arg Lys Lys Asn Asn Gin Val Ser Phe Leu His Val Tyr 
145 150 155 160 



His His Cys Thr Met Phe Thr Leu Trp Trp He Gly He Lys Trp Val 
165 170 175 



Ala Gly Gly Gin Ala Phe Phe Gly Ala Gin Leu Asn Ser Phe He His 
180 185 190 



Val He Met Tyr Ser Tyr Tyr Gly Leu Thr Ala Phe Gly Pro Trp He 
195 200 205 



Gin Lys Tyr Leu Trp Trp Lys Arg Tyr Leu Thr Met Leu Gin Leu He 
210 " 215 220 



Gin Phe His Val Thr He Gly His Thr Ala Leu Ser Leu Tyr Thr Asp 
225 230 235 240 



Cys Pro Phe Pro Lys Trp Met His Trp Ala Leu He Ala Tyr Ala He 
245 250 255 



Ser Phe He Phe Leu Phe Leu Asn Phe Tyr He Arg Thr Tyr Lys Glu 
260 265 270 



Pro Lys Lys Pro Lys Ala Gly Lys Thr Ala Met Asn Gly He Ser Ala 
275 280 285 



Asn Gly Val Ser Lys Ser Glu Lys Gin Leu Met He Glu Asn Gly Lys 
290 295 300 
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Lys Gin Lys Asn Gly Lys Ala Lys Gly Asp 
305 310 



<210> 15 

<211> 303 

<212> PRT 

<213> Danio rerio 

<400> 15 

Met Glu Thr Val Val His Leu Met Asn Asp Ser Val Glu Phe Tyr Lys 
15 10 15 



Trp Ser Leu Thr He Ala Asp Lys Arg Val Glu Lys Trp Pro Met Met 
20 25 30 



Ser Ser Pro Leu Pro Thr Leu Gly He Ser Val Leu Tyr Leu Leu Phe 
35 40 45 



Leu Trp Ala Gly Pro Leu Tyr Met Gin Asn Arg Glu Pro Phe Gin Leu 
50 55 60 



Arg Lys Thr Leu He Val Tyr Asn Phe Ser Met Val Leu Leu Asn Phe 
65 70 75 80 



Tyr He Cys Lys Glu Leu Leu Leu Gly Ser Arg Ala Ala Gly Tyr Ser 
85 90 95 



Tyr Leu Cys Gin Pro Val Asn Tyr Ser Asn Asp Val Asn Glu Val Arg 
100 105 110 



He Ala Ser Ala Leu Trp Trp Tyr Tyr He Ser Lys Gly Val Glu Phe 
115 120 125 



Leu Asp Thr Val Phe Phe He Met Arg Lys Lys Phe Asn Gin Val Ser 
130 135 140 



Phe Leu His Val Tyr His His Cys Thr Met Phe He Leu Trp Trp He 
145 150 155 160 



Gly He Lys Trp Val Pro Gly Gly Gin Ser Phe Phe Gly Ala Thr He 
165 170 175 



Asn Ser Gly He His Val Leu Met Tyr Gly Tyr Tyr Gly Leu Ala Ala 
180 185 190 



Phe Gly Pro Lys He Gin Lys Tyr Leu Trp Trp Lys Lys Tyr Leu Thr 
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195 200 205 

He He Gin Met He Gin Phe His Val Thr He Val His Ala Ala Tyr 
210 215 220 

Ser Leu Tyr Thr Gly Cys Pro Phe Pro Ala Trp Met Gin Ser Ala Leu 
225 4 230 235 240 

He Gly Tyr Ala Asp Thr Phe He He Leu Leu Ala Asn Phe Tyr Tyr 
245 250 255 

Gin Thr Tyr Arg Arg Gin Pro Leu Pro Lys Thr Ala Lys Phe Ala Val 
260 265 270 

Asn Gly Val Ser Met Ser Thr Asn Gly Thr Ser Lys Thr Ala Glu Val 
275 280 285 

Thr Glu Asn Gly Lys Lys Gin Thr Lys Gly Lys Gly Lys His Asp 
290 295 300 



<210> 16 

<211> 270 

<212> PRT 

<213> Homo sapiens 

<400> 16 

Met Val Thr Ala Met Asn Val Ser His Glu Val Asn Gin Leu Phe Gin 
15 10 15 

Pro Tyr Asn Phe Glu Leu Ser Lys Asp Met Arg Pro Phe Phe Glu Glu 
20 25 30 

'Tyr Trp Ala Thr Ser Phe Pro He Ala Leu He Tyr Leu Val Leu He 
3 5 40 45 

Ala Val Gly Gin Asn Tyr Met Lys Glu Arg Lys Gly Phe Asn Leu Gin 
50 55 60 



Gly Pro Leu He Leu Trp Ser Phe Cys Leu Ala He Phe Ser He Leu 
65 70 75 80 

Gly Ala Val Arg Met Trp Gly He Met Gly Thr Val Leu Leu Thr Gly 
85 90 95 



Gly Leu Lys Gin Thr Val Cys Phe He Asn Phe He Asp Asn Ser Thr 
100 105 HO 
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Val Lys Phe Trp Ser Trp Val Phe lieu Leu Ser Lys Val He Glu Leu 
115 120 125 



Gly Asp Thr Ala Phe He He Leu Arg Lys Arg Pro Leu He Phe He 
130 135 140 



His Trp Tyr His His Ser Thr Val Leu Val Tyr Thr Ser Phe Gly Tyr 
145 150 155 160 



Lys Asn Lys Val Pro Ala Gly Gly Trp Phe Val Thr Met Asn Phe Gly 
165 170 175 



Val His Ala He Met Tyr Thr Tyr Tyr Thr Leu Lys Ala Ala Asn Val 
180 185 190 



Lys Pro Pro Lys Met Leu Pro Met Leu He Thr Ser Leu Gin He Leu 
195 200 205 



Gin Met Phe Val Gly Ala He Val Ser He Leu Thr Tyr He Trp Arg 
210 215 220 



Gin Asp Gin Gly Cys His Thr Thr Met Glu His Leu Phe Trp Ser Phe 
225 230 235 240 



He Leu Tyr Met Thr Tyr Phe He Leu Phe Ala His Phe Phe Cys Gin 
245 250 255 



Thr Tyr He Arg Pro Lys Val Lys Ala Lys Thr Lys Ser Gin 
260 265 270 
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Group I, ciaim(s) l-3*(inpart), 4-5, 6(inpart) f 7, 11-12, and 16-19, drawn to methods of identifying a candidate p5 3 pathway 
modulating agent using a purified LCE polypeptide. 

Group II, claimXs) 1-3 (in part), 6 (in part), and 8-10, drawn to methods of identifying a candidate p53 pathway modulating agent 
using a purified LCE polynucleotide. 

Group m, claim(s) 13-15 (in part) and 20-22 (in part), drawn to methods of modulating a p53 pathway comprising contacting a cell 
with a modulator that specifically binds an LCE polypeptide comprising the amino acid sequence of SEQ ID NO:9. 

Group IV, claim(s) 13-15 (in part) and 20-22 (in part), drawn to methods of modulating a p53 pathway comprising contacting a cell 
with a modulator that specifically binds an LCE polypeptide comprising the amino acid sequence of SEQ ID NO: 10. 

Group V, claim(s) 13-15 (in part) and 20-22 (in part), drawn to methods of modulating a p53 pathway comprising contacting a cell 
with a modulator that specifically binds an LCE polypeptide comprising the amino acid sequence of SEQ ED NO: 11. 

Group VI, claim(s) 13-15 (in part) and 20-22 (in part), drawn to methods of modulating a p53 pathway comprising contacting a cell 
with a modulator that specifically binds an LCE polypeptide comprising the amino acid sequence of SEQ ID NO: 12. 

Group VII, claim(s) 13-15 (in part) and 20-22 (in part), drawn to methods of modulating a p53 pathway comprising contacting a cell 
with a modulator that specifically binds an LCE polypeptide comprising the amino acid sequence of SEQ ID NO: 13. 
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with a modulator that specifically binds an LCE polypeptide comprising the amino acid sequence of SEQ ID NO:15. 

Group X, claim(s) 13-15 (in part) and 20-22 (in part), drawn to methods of modulating a p53 pathway comprising contacting a cell 
with a modulator that specifically binds an LCE polypeptide comprising the amino acid sequence of SEQ ID NO: 16. 

Group XI, claim(s) 20-22 (in part), drawn to methods of modulating a p53 pathway comprising contacting a cell with a modulator that 
specifically binds an LCE polynucleotide. 

Group XH, claim(s) 23-25, drawn to methods for diagnosing a disease with a probe for LCE expression. 

Group XDI, claim(s) 26-32, drawn to methods of identifying a candidate branching morphogenesis modulating agent with an 
ELOVL4 polypeptide. 
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involving one or more of the same or corresponding special technical features. An international or a national stage application 
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of the following combinations of categories: (1) a product and a process specially adapted for the manufacture of said product; or (2) 
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